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Introducing the ultimate in pneumatic, hand-operated cable tie installation 
tools. The new PANDUIT® PPTS air tool was designed for high-volume 
production requirements with operators’ comfort in mind. 


Minimum operator fatigue. New lightweight tool re- 70 to 80 psi air to automatically tighten cable ties to 
quires minimal force. Comfortable for continuous high- pre-set tension and cut flush. No sharp edges. No metal 


volume use. No training required. barbs. No twisting. 
Most versatile. One tool installs all miniature, intermedi- The PPTS air tool is available for lease from Panduit 


ate and standard cross-section PAN-TY®and STA-STRAP® Corp. The complete line of wiring components is sold 


cable ties, clamps, marker ties and push mount ties—36 through authorized Panduit Distributors. These include 
different sizes, bundles to 4” diameter. PAN-TY® and STA-STRAP® cable ties, PAN-TERM® ter- 


Fast, uniform tensioning, cut-off. Tool uses standard nals and PANDUCT®plastic wiring duct. , 


Circle No. 1 Visit PANDUIT at NIPCON ‘74 Central Booth 231 


Ask for descriptive bulletin and demonstration. A Win 
CORP. 








Tinley Park, Ill. 60477 Phone: (312) 532-1800 In Canada: Panduit (Canada) Limited 
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Intelligent 
Instruments .. 
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COVER 


Intelligent instruments truly 
reflect the system approach 
to electronic design in con- 
cert with today’s latest tech- 
nology: LSI. So dedicated, 
they become more adaptive 
by using ROM’s or #P’s, 
all aiming to minimize the 
judgment and error of hu- 
man participation. This is 
well emphasized in the 
articles starting on pgs. 28 
and 40. Our cover photo, 
supplied by the E-H Re- 
search Laboratory, shows a 
“degreed” example of an 
intelligent instrument. 
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Now New fromT.R.L: 


engineering anc 


All four of these new additions to our product line will cause quite a stir. 
They're totally new and so is a lot of the technology behind their manufacture. 


Technology developed specifically to meet user needs and innovate user measuring techniques. 


There's also something else behind their manufacture in addition to new technology. 
T.RJI’s traditional concept of measuring instrument efficiency, reliability, easier use, 


and increased cost economy. 


Find out about the total advantages of all four direct. Phone (408) 733-9080, 9081. Or write us. 


We'll send complete details to supplement the specs we're introducing here. 











Model: 6355 
Mini-multimeter 


@ Five functions. Automatic range selection. 

© Drop-proof, portable (4-3/8W, 2-7/8H, 6D in.), 
Lightweight (1.8 Ib) 

@ High performance—DCV measurements at 10 .V 


© Operates on DC battery and AC power supply. 


Model: 4220 
Pulse Generator 


resolution. ACV measurements up to 1000 Vrms. 


10zV, Fully automatic DMM. $279 


Announcing the fully automatic, 10“V resolution 
Model 6355 portable DMM standard. And at 
only $279. Not only that, but also 5 functions 
and automatic range selection. Measures AC 
voltages up to 1000 Vrms, can even be operated 
from a battery. The same performance as a 
laboratory use DMM. Can be easily hand carried. 
Weights only 1.8lb. Moreover, shock resist- 
ant design protects it even if it is accidently 
dropped. Five auto functions range switching, 
units display, polarity, overrange indication, and 
overload protection. 

Display: 1999 DC Voltage: 20 mV—1000 V (resolution 10«V) 
AC Voltage: 200 mVrms—1000 Vrms (resolution 100zV) Resist- 
ance: 2002 ~ 20M Q (resolution 100m) DC Current: 20mA 
~1A (resolution 102A) AC Current: 200 mA~1A (resolution 


100“ A) Size: Approx 4-3/8 (W) x 2-7/8 (H) x6 (D) in. Weight: 
Approx 1.8lb Price: $279 


Maximum repetition rate up to 1000 MHz 
make it ideal for PCM communication. 


Model 4220 is a high-performance pulse gener- 
ator with a repetition rate of 500 MHz. It can 
also generate word patterns. Among the main 
features of this high performance instrument is 
generation of a multitude of waveforms through 
combinations of different modules. Eight modules 
enable pulse generator tailoring to a specific re- 
quirement. Each unit also has a remote control 
function and such complementing features as 
delay of 1 or more periods, 50noutput impedance 
which enables generation of highly accurate 
pulses, variable rise and fall time, and two outputs. 


Repetition Frequency: 100 kHz—500 MHz Modules: Delay, 


double pulse gate, word generator, word/pseudo random noise 
generator, NRZ output amp, RZ output amp, RZ output amp (rise 
time/fall time variable), bipolar output amp. 
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Model: 6141 
Programmable DC V/I Generator 


@ Economy plus programmbale functions suitable for a 
host of OEM applications. 

@ Easy flip-switch operation. 

@ Extremely stable. Also has pulse-width modulation 


system. 
@ Variable in 1zV steps. All-range continuous-function 


performance. 
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Model: 5112/13 
Milli-Hertz Counter * 
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Product Line to Innovate 
oduction ideas. 





T.R.I. CORPORATION 
505 West Olive Avenue Sunnyvale, CA 94086 
(408) 733-9080 


Suitable for OEM and production line use. 


Model 6141 features a remote control function for 
OEM use and wide usage on production lines. 
These unique features have been made possible 
through the adoption of a new pulse-width gen- 
erator system. Easy usage has been realized 
through the adoption of a flip switch to auto- 
matically set the output level with one touch 
instead of the conventional rotary switch. Since 
automatic carry is performed when this switch is 
depressed, automatic sweep is also possible. 


DC Voltage: O~ + 11.999V (14V steps) Stability: +0.015% of 
setting +3yV (10mV range) DC Current: O~ +119.99 mA 
(0.1uA steps) Stability: + 0.02% of setting +0.2«A(1uA range) 
Approx 11-3/4 (W) x 3-5/16 (H) x 10 (D) in. 


Dimensions: 
Weight: Approx 11.023lb Price: $890 


High resolution counter which permits 
direct reading of rotational speed 
and flow rate. 


Model 5112 and 5113 are revolutionary products 
which permit direct-reading measurement of ro- 
tational speed, flow rate, and other comparatively 
low frequencies (1Hz~ 1MHz) at high accuracy 
in these respective units. Moreover, measure- 
ment accuracy has been increased through the 
averaging function. The measured result can be 
directly displayed and a multiplier function is 
employed to directly read physical quantity. 


Frequency Range: 1Hz~1MHz_ Resolution: 0.1mHz (Model 
5112), 0.01mHz (Model 5113) Display: 199999 (5112), 1999999 
(5113) Size: 8-7/16 (W) x 4-2/4 (H) x12-15/16 (D)in. Weight: 
Approx 11.02\lb Price: $1300 (5112), $1400 (5113) 


Ww 
function generator 
programs faster 
functions better, 
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There are no relays to break down. And optical matically or manually. And the 5500R programming 
coupling assures high isolation between system and _ interface is compatible with DTL, RTL, TTL logic 
logic drive. Frequency range is 0.0001Hz to SMHz. and relay closures. It’s ideally suited for automatic 
Sine, square, triangle, pulse and sawtooth waveforms, calibration and test systems. For fast action, call 

as well as frequency, amplitude, DC offset and pulse (617) 491-3211, TWX 710 320 6583, or contact your 
width control functions, can all be selected auto- local KH representative listed below. 
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KRORN-HITE 
980 Massachusetts Avenue, Cambridge, Massachusetts 02139 


SALES OFFICES: ALA, Huntsville (205) 534-9771; ARIZ., Scottsdale (602) 947-7841. CAL., San Jose (408) 292-3220, Inglewood (213) 674-6850; COLO., Denver (303) 934-5505. 
CONN., Glastonbury (203) 633-0777; FLA, Orlando (305) 894-4401. HAWAII, Honolulu (808) 941-1574. ILL. Des Plaines (312) 298-3600; IND., Indianapolis (317) 244-2456. MASS., 
ee (617) 861-8620; MICH., Detroit (313) 526-8800; MINN., Minneapolis (612) 884-4336; MO., St. Louis (314) 423-1234; N.C., Burlington (919) 227-3639. NJ, Haddonfield (609) 
795-1700; Bon ee (505) 299-765 E. Syracuse (315) 437-6666, Rochester (716) 328-2230, Vestal (607) 785-9947, Elmont (516) 488-2100. OHIO, Cleveland (216) 
261-5440, Dayton (513) 426-5551, PA, Pitts (412) 371-9449; TEX., Houston (713) 688-9971, Richardson (214) 231-2573. VA., Alexandria (703) 354-1222. WASH. Seattle (206) 
624-9020; CANADA, Montreal, Quebec (514) 636-0525, Toronto, Ontario (416) 444-9111, Stittsville, Ontario (613) 836-4411, Vancouver, British Columbia (604) 688-2619. 
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HP CALCULATORS SOLVE YOUR PROBLEMS, YOUR WAY 
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Simulate Logic Designs Directly From Your Schematic... 


And slash your digital development and leadtime 
costs with the HP 9830 Programmable Calculator. 
Team the 9830 up with our new Logic Simulation 
Software and you’l] have a potent calculator-aided 
design system that will verify your digital designs — 
long before you’ve spent a nickel on a prototype. 

With incredible speed and precision, the 9830 
runs through all possible input conditions and 
associated bit streams, generates the state/time 
map, then complete logic documentation. 
Interconnect lists. Truth tables. Timing. 

And since the 9830 sits right on your desk, you 
can interact with your design. Use your experience 


digital simulation with the 9830 adds up to more 
professional satisfaction for you; more profit for 
your firm. Not only does it eliminate the drudgery 
of hand-generated timing diagrams, it also lets 
you neatly sidestep the slow turnaround time of 
outside services. Most importantly, it means an 
end to costly prototype reworks. 

You can reap the benefits of a 9830 for just 
$332* per month. For complete details on our 
new Logic Simulation Software or a demonstration, 
call your local HP Sales Office, or send us the 
coupon. We think you'll agree, it’s the logical 
solution to your digital design problems. 


*Domestic U.S.A. price only. Lease, where available, includes service contract. 


and training to guide the model to its optimum a 
configuration in a fraction of the time required pocorn eoeohlgay 





























by other B 
y : ane Gales ; / Tell me more about your HP 9830 CAD Logic Simulation System. \ 
ombinationa! or sequential circuits. MOS l C1) Information only. () Hands-on demonstration. 
logic. TTL/DTL logic. No matter what circuit type, ; 1 work with these families of circuits: TTL 
MOS Pia ot oe. eer 
SSS : Name 
4 | Title pats 
HEWLETT Ap; PACKARD sy GARpeny. 
Address 
| City State 
| Zip Phone 
Sales and service from 172 offices in 65 countries. \ 
P.O. Box 20), Loveland, Colareda Sanh \ HP Calc. Inq., P.O. Box 301; Loveland, CO 80537 808D 
be; 
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One of our strong suits is solving tough 


_ performance/packaging problems by creat- 
Ing great hybrid microcircuits. We’ve been 


doing it for years. 
Remember that. Because chances are 


_ you'll bump into occasional design problems 


standard products just can’t handle. 
Then talk to us. Because we're really into 


_ hybrid technology. Not only with appli- 


cations and design assistance, but also with 
one of the finest manufacturing facilities in 
the nation. Which lets us turn out highest- 
quality volume production, to time schedules 
few others can meet. And all at competitive 
prices. 

Remember, too, hybrids don’t have to be 





: € «: ees . ro * 
e oe es ¢ 


super-exotic circuits. Typical custom units 
we make are modem and tone frequency fil- 
ters. Entertainment system DACs and 
equalization filters. Custom display sub- 
strates. MIL-performance log amps, regula- 
tors, DACs, ADCs, and many others. 

So next time you're stumped by a sticky 
problem, think “custom hybrid.” And think 
“Beckman” for quick response, high quality, 
and fast delivery. | 

If you need immediate technical literature 
or the phone number of 


your local Beckman/ 
Helipot representative, 
call toll-free (800) 

437-4677. HELIPOT DIVISION 
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On designing to impress 


| recently received the following comment from a reader. He was 
disappointed in our Creative Design Contest winner, the Kerber 
Klock (EDN July 20, 1974, pg. 44). He said, “All digital design is 
basically ‘cookbook’ and ‘plug-in formulas.’ Sophomore students at 
MIT’s digital lab do more impressive projects.” Think about that 
philosophy for a moment! Perhaps you will find such ideas bother 
you as much as they do me. 

Criticism of our selection isn’t upsetting. That’s often a matter of 
opinion and | accept it. However the philosophy of designing to be 
impressive rather than practical and useful is fraught with danger for 
any company who seeks to turn a profit on its new products. I’m 
sure you've seen as many “impressive” designs as | have that were 
dismal failures. Unless they serve a useful purpose and are 
marketable, the design is an exercise in futility and a waste of 
money. 

What’s wrong with cookbook designs and plug-in formulas? Isn't 
that the lifeblood of our industry—standard products in high- 
volume production? How many products today are ‘‘impressive” 
state-of-the-art designs? Not many! The truly successful ones use 
proven off-the-shelf-parts in a unique but essentially cookbook 
fashion. They are impressive not necessarily from a complicated 
viewpoint but for their utility and often simplicity. A good designer 
will try to make his design as simple and cost effective as possible, 
since that’s where the profit dollars are. Take the pocket calculator 
as an example. 


More times than not it’s much more difficult to design a product 
using standard “cookbook” parts, keeping parts count down, than it 
is to design a sexy, complicated one. Those engineers who ‘‘design 
for utility” vs. “designing to impress” are the ones who will make 
it—especially in these days when so many companies are feeling the 
economic squeeze. 


hy W borbecy 


Editor 
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New and improved 
General Electric lamps 
provide for increased 
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design flexibility. 


Two new sub-miniature halogen cycle 
lamps ideal for miniaturization. 


These new T-2, 6.3V, 2.1 amps, 75 hour GE halogen cycle 
lamps are the smallest of their type (.265”) and : 
set industry standards for size and light 
output (16-20 candlepower). They are 
perfect for miniaturization of equipment 
such as reflectors, housings and optical 
systems. They also save on overall cost 
of equipment and are less than half 
the cost of the #1973 quartz lamp they 
replace. ; 

Two terminal configurations are 
available. #3026 (20 candlepower) has 
wire terminals. #3027 (16 candlepower) has a new two pin, ceramic base 
that plugs in to make installation and removal a snap. Samples of the #3027 
lamp are available in limited quantities now: production quantities will be 
available in the first quarter of 1975. These lamps have an iodine additive 
that creates a regenerative cycle that practically eliminates normal bulb 
blackening. They will produce approximately 95% light output at 75% of 
rated life. 


An expanded line of Wedge Base Lamps 
for simple, low-cost circuitry. 


Now you can have greater design freedom than ever before 
with wedge base lamps. GE now offers six large lamps in its 
line of T-1% (.230” max.) all-glass, sub-miniature wedge base 
: lamps. In addition to our three 14V lamps (#37, #73 and #74), we 
nee also offer two 6.3V lamps (#84 and #86) and a 28V lamp 
(#85), 

These lamps are ideal for applications where space is at a premium. Their 
wedge-based construction allows you to design for low-cost sockets and 
virtually ends corrosion problems because they won't freeze in the sockets. 
And the filament, which is always positiomed in the same relation to the base, 
offers more uniform brightness. 





Green Glow Lamp has been improved 
over previous lamp. 


Actual Size 
Now our G2B Green Glow Lamp, the only domestic green 
lamp on the market today, gives a more uniform, purer green light than our 
previous model. It’s bright enough for your circuit component applications. 
With appropriate current limiting resistors, it can be used for 120/240 volt 
green indicator service. Or used together with our high-brightness C2A red/ 
Orange/yellow glow lamps to emphasize multiple functions with color. 

All GE glow lamps give the benefits of small size, rugged construction and 
low cost — 12¢ each for the G2B, 4.4¢ each for the C2A in 100,000 quantities. 








Send today for newest literature. 


For the most up-to-date technical information on any or all of these lamps, 
write: General Electric, Miniature Lamp Products Department, #0749-K. 
Nela Park, Cleveland, Ohio 44112. 


GENERAL @@ ELECTRIC 
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tVceo measured at 10 mA *Forced gain = 100 


Like all Unitrode Power Darlingtons these new 300-volt units exhibit the lowest 
saturation voltages available. 


Like all Unitrode Power Darlingtons their short turn-on and turn-off times mean 
inusually high efficiency in fast-switching applications. 


| od 
Like all Unitrode Power Darlingtons they give you greater savings in design and 
assembly time and lower component cost than is possible with discrete components. 


Like all Unitrode Power Darlingtons they are planar for the highest reliability 
and stability. 


Unitrode’s full line of Power Darlingtons includes PNP and NPN transistors and a wide 
choice of characteristics in single and dual, mixed or matched, units. 


Send for complete details on the entire line of Unitrode Darlingtons. For faster action, 
call Peter Jenner at (617) 926-0404. Describe your application on your company 
letterhead and we'll send a suitable sample. 
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Low Profile 









Available only 
in black case. 





Trimmers 


Dale’s new 700 Series gives you the best combination of produc- 
tion and performance advantages ever offered in a .250” low 


profile package. Choice of Cermet or Wirewound Element...plus 
good delivery and low price. 


Better Adjustability: Cermet models provide output resistance 
of +0.10% and output voltage ratio of +0.05%. 


Higher Power: All models offer 1 watt power dissipation at 70°C. 
Low T.C.: 100 PPM for all cermet models, 50 PPM for wirewound. 


Low Noise: Cermet models with 3% contact resistance 
variation standard (1% available). Wirewound models 
have equivalent noise resistance of 100 ohms max. 
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Largest Solid Patented All Metal Improved 3 standard pin 







Cermet Wiper Side Screw. Package linge ree 
Element Block Collector 25-turn Density with many larger 
covers nearly with wire provides adjustment. models. 
entire substrate. spring-finger excellent One-piece 1.25 
Enhances contacts. setting clutch Bg | 
setability Maintains optimum _ stability by prevents eh —.— 
and CRV. interface with allowing use OVvertravel eo 
Provides 1 resistance element. of broader damage. ay 
watt at 70°C. Provides low element. f , 

contact resistance (7.62) “boo | 

(17.78 





variation and 


) 
reduces backlash. panies sae 
| 75 | 
(19.05) 


conts each j..c00 even 
ll today... 402-564-3131 


DALE ELECTRONICS, INC. 
1300 28th Avenue, Columbus, Nebr. 68601 
In Canada: Dale Electronics Canada Ltd. 
In Europe: Dale Electronics GmbH 
8 Munchen 60, Falkweg 51, West Germany 


A subsidiary of The Lionel Corporation 
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“When engineers saw they didn’t have any 
knobs, they were scared they’d lose control, 
but now they’re in love with the thing” 


So happy, indeed, that when 
AMI offered to brief our people 
on their side of the story, we 
asked if we could publish some 
of their comments. They’re re- 
produced here. 


The validity of their comments? 
Each uses Sentry 600, relies on 
Sentry 600, and has one or more 
Sentry 600 systems in their 
department: Ed Carcher, Man- 
ager of Product Characteriza- 
tion; George Gray, Manager, 


WA 


Test; Bill McNeally, Supervisor, 
Test; Bob Frohman, Supervisor, 
Systems Software Support; 


Fred Jenne, Director of Ad- 
vanced Product Development. 


You’d need a wall full 
of knobs to let them 
do slowly what S-600 


does fast” 


“We have yet to find a device we couldn't 
test on the Sentry 600” 


Slightly over a year ago, 
American Microsystems, Inc. 
ordered their first Fairchild 
Sentry 600. 


Today, nine Sentry 600’s are 
on line at AMI. Number ten is 
on its way. Each system was 


carefully evaluated by AMI™S 


And then the next ordered. The 
result? AMI is now the largest 
purchaser of Fairchild’s Sentry 
600. It’s a happy association. 





















The thir g we hate 
most about it is 


the thing we love 
most about it!” 


“Field service and 
support is very good, 


relatively speaking. 
Fairchild is the least 


They know semi- 
conductor testing. 
And they know 
the Sentry 600. 


ae one function- 
optimized 
component 
in the Fairchild 
ntry family of 
six interrelated 
cuit testing systems. 


Optimized for 
engineering, 
sophisticated production, and 
"OA/test center operations, the 
Sentry 600 performs the widest 
range of tests for the broadest 
range of components. High 
speed MOS/LSI, PCB and bi- 
polar testing simultaneously. 
Complete testing at wafer level 
and in automatic handlers at 
full rated device speeds. Fi- 
nally, and most important to 


“Without the Sentry I would never even try 
to get this type of data”’ 


“One insertion goes 
through 50 different 
tests — we are check- 
ing parameters, not 
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making Go/No-Go 


tests” 


Circle No. 22 


The Sentry 


worst in the industry” 


AMI, extensive peripheral 
choice for massive data gener- 
ating capacity. Manipulate. 
Analyze. Compute. 


But don't take our word on it. 


Listen to AMI: ‘‘When we went 
to buy a system, we could buy 
anything we wanted. We were 
not restricted by what the rest 
of the company had. We made 
an evaluation and chose the 
Sentry 600. It lived up to ex- 
pectations fully!’ 


AMI's experience: It’s a good 
reason to check into Fairchild 
Sentry systems. Because it’s 
time you had a semiconductor 
test system that lives up to your 
needs and expectations. 


Fairchild Systems, A Division 
of Fairchild Camera and Instru- 
ment Corporation, 1725 Tech- 
nology Drive, San Jose, Cali- 
fornia 95110. (408) 998-0123 

TWX: 910-338-0558. 
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our A2 386th mul 


The world’s best-selling 3% digit One reason why our DMM is so _ But it’s the ruggedness that really 
multimeter is virtuallyindestructible. | tough: it only has 99 parts. Major = makes the 8000A a conversation 
analog and digital circuitry are piece. Our sales force still laughs 






Recently, two Fluke quality § = = Gnisichips. — about the Fluke salesman who was 
control engineers wanted to know if —"‘it'g algo flexible. This DMM has 26 so hot to make a sale that he 
our 8000A 3% digit multimeter ranges, including five ranges of ac __ took his Fluke multimeter and 
would survive a fall from a 24-foot and dc volts, five ranges of ac and _—brought it down—crash!—right on 
rack. We were shipping several dc current, and six ranges of __ his prospect’s desk. 
a3 pay peas + the wi resistance. And it’s the only DMM _ “See,” he said, “‘it’s really tough.” 
o they tossed one out the win- —_—_—s using an A-to-D converter with - AR 
dow. Two stories up. It still worked. inherent self-zeroing to completely © lborote pees ar hee 
But 9944/;99% of these out-of-the- eliminate offset uncertainty. _ wasn’t. P.S.— our salesman didn’t 
ordinary tests we don’t instigate. make the sale. 


They just seem to happen. | — - Onamore positive note, a UPS 

Our president talks about the time : : 7 @06=Cftssi(<Cs‘(SsésttrcK accceennttaalllly backed over an 
he picked up an 8000A at a trade 8000A not long ago . . . without 
show without knowing it was ready ill effect. 


for case removal. The works \ . $0 there you are. The world’s 
crashed to the floor but it still . largest selling 3% digit DMM. And 
played perfectly ...to everyone’s £4 the toughest. And for $299 it 
delight and the president’s relief. = 4% could be yours. 


_ For data out today, dial our toll-free number, 800-426-0361 


in the continental U.S., dial our toll free number 800-426-0361 for the name and address of your nearest local 

source. Abroad and in Canada, call or write the office nearest you listed below, John Fluke Mfg. Co., Inc., P.O. 

Box 7428, Seattle, Washington 98133. Phone (206) 774-2211. TWX: 910-449-2850. In Europe, address Fluke Neder- — 

land (B.V.), P.O. Box 5053 Ledeboerstraat 27, Tilburg, The Netherlands. Phone 013-67-3973. Telex: 844-52237,. | 

in the U.K., address Fluke International Corp., Garnett Close, Watford, WD2 4TT, England. Phone 0923-33066, & nN 

Telex: 9384583. In Canada, address ACA, Ltd., 6427 Northam Drive, Mississauga, Ontario. Phone 416-678-1500, a cia t R) 
. TWX: 610-492-2119. 





For information, circle #76 | For demonstration, circle #77 
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The MPS microprocessor series: 
get it now and get it going. 
In volume from the Components Group. 








The MPS microprocessor series of modules 
is available now. We designed it using only 





standardly available components with a 1K Avent 
proven track record. Sowecanmakeitand «wd. 
we can make it work. ‘Ana ce Bint 
a bed : .: detection module 

3y . . implements nine levels of priority-arbitra 
pfs ; sh sig tion. These include application-defined six- 
sclndeasll which | level priority interrupt schemes, AC and 
HERE DC power-failure detection capacility, and 


the processor-controlled functions of Halt 
and Restart. 

Volume buying will get you a very attractive 
discount. The MPS is priced at $476 for CPU 
and 1K of RAM, in quantities of a hundred. 
So pick up the phone and dial 800-225-9480. 
Toll-free from 8:30 AM to 5:00 PM your 
time. (US only. Massachusetts residents, 
please dial (617) 48 1-7400, extension 6656.) 
We’re the Components Group of Digital 
Equipment Corporation, One Iron Way, 
Marlborough, Massachusetts 01752. 

In Canada: Digital Equipment of Canada 
Limited, P.O. Box 11500, Ottawa, Ontario, 
K2H8KS8. (613) 592-5111, extension 154. 


dfilgfi}tlal! 
COMPONENTS 


interface to your 
computer or con- | . 
troller using Digital’s broad line of standard 
logic modules. 


Software development is easier, too. Control 
programs are prepared on a small, low-cost 
PDP-8 minicomputer, using the MPS soft- 
ware development kit of six basic programs. 


And the modular construction of the MPS 
allows you to buy only what you need for 
your application. 


Physically, the MPS is a series of four 
building-block modules and an optional con- 
trol panel. A basic, fully-operational proc- 
essor can be assembled from as few as two 
modules: the CPU and a memory module. 


The CPU is an 8-bit parallel processor, 
employing reliable P-channel MOS/LSI 
technology. It will directly address up to 











16K words of memory; cycle time is 12.5 : 
usec. Reprogrammable memory (PROM) GROUP 
is available in 256-word increments. Read- Unbundling the world's most 


write memory (RAM) is available in popular minicomputer systems. 
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DESIGN NEWS 





Fifty years of technological 
improvement—in one step 


_ Erwin Vodovoz, West Coast Editor 


Using CMOS for all digital 
circuits, a new processor, called 
a ‘‘Polling computer,”” has been 
designed as part of a security 
system by Morse Products of 
Sylmar, CA. 

The need for such a system is 
apparent. In today’s complex 
world, the inefficient systems of 
yesterday can no longer be 
tolerated. 

Scarcity and rising costs of 
copper have necessitated the 
elimination of new direct-wire 
dedicated systems by the tele- 
phone companies. The _ tech- 
niques used in some of the older 
systems were being defeated by 
today’s more sophisticated ‘‘un- 
invited guests.’’ Additionally, 
other functions were wanted 
that the old systems could not 
perform. Time and technology 
finally caught up with the 
security industry. 


Enter 1974 and CMOS 


Fig. 1 shows the first major 
change to take place in this 
industry in 50 years. Design of 
the computer was done under 
subcontract by Technology Ser- 
vice Corp. of Santa Monica, CA. 
Additional units located in the 
computer are the modems anda 
printer (Fig. 2). | 

Why was CMOS used? A 
prototype unit built with TTL 
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Fig.1—CMOS computing system would seem to indicate high cost. But, because of 
lower phone line costs, less manpower needed at readout station and multifunction 
transponders, cost may be actually less than older systems. 


could not meet the U.L. require- 
ment of 48 hrs. of battery 
operation. “Cooling fans don’t 
like dc’’ is the way Dr. Earl 
Swartzlander, Jr. of TSC put it. 
As a result, the TTL model 
burned itself up on_ battery 
operation. The cooling problem 
was solved by using CMOS. It 
reduced the average power 
consumption for each of the six 


computer boards to 500 mW. Of 
that 500 mW, 450 mW are used 
to drive a green LED on each 
board to indicate that the board 
is in an operational condition. 
Continuous self-testing is part of 
the system in order to provide 
the necessary reliability. 

Largest power drain in the 
system is the paper advance 
mechanism. It draws 60W for 40 
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Fig.2—Flexible operation is obtained 
with few controls on the computer. 
These controls allow acknowledgement 
of a problem, computer check, status 
check of all units, and remote control 
operation of facilities of the trouble site. 


msec. That’s not as bad as it 
sounds because the printer only 
runs when there is a problem or 
when a status check is made. 

CMOS is used again for all 
digital circuits in the trans- 
ponder at the other end of the 
system (Fig. 3). A 500 mA/hr 
battery is all that’s needed to 
power this unit for the U.L. 
required 48 hrs. Normal current 
drain is only 10 mA, including 
the unit’s voltage regulator, 
modem and memory, counter 
and transmitting circuits. 


Putting it all together 


How does it work? ‘‘Very well’’ is 
usually the kind of answer you'll 
get from Mike Winestock, pres- 
ident of Morse Products. Be- 


cause of the nature of the 
system, many performance pa- 
rameters are confidential, such 
as frequencies, pulse widths and 
pulse codes. However, the 
following information has been 
revealed. 

Each of the five modems in the 
computer can handle up to 100 
transponders. All modems feed 
the computer logic circuits in 
parallel. Going in the other 
direction, the modems interro- 
gate all 100 transponders se- 
quentially in less than 23 sec. Ifa 
transponder indicates a change 
of status or a problem, the 
computer acknowledges and 
interrogates a second time to 
verify that a true problem exists. 
After transponder verification of 
a problem, the computer pro- 
duces a printout. 


The balance sheet 


On the plus side, because this 
system uses gated audio fre- 
quencies, a dc line is not 
needed. In fact, one of the first 
security systems to be installed 
will use a microwave relay link. 

The system can handle up to 
500 transponders. Maximum 
capability of previous ones was 
45. Since it can accommodate so 
many more customers and can 
handle multiple functions (fire, 
breakin, hold-up, etc.) with one 
transponder, final costs may be 


comparable with the older 
systems. 

The techniques used by this 
system make it very unlikely that 
someone can defeat it. An 
intruder would have to break 
into a line in seconds with 
exactly the right frequencies and 
pulse widths—a very difficult 
task at best. | 





Fig.3—Transponders have 75% of com- 
ponents on plug-in board for quick 
repairs. CMOS circuitry permits a small 
Ni-Cad battery to supply all power 
required for 48 hrs. of operation. 


On the negative side of the 
balance sheet, there does not 
appear to be any entry yet. 

Cost, ease of use and flex- 
ibility are all on the side of this 
new system. Only time will 
prove if the equipment is as 
reliable as needed and as 
foolproof as it seems.O 


One small microprocessor chip equals 


one giant step for 


It’s a rare engineer today who 
hasn't at least considered the 
possibility of designing a micro- 
processor into his company’s 
products. One of the latest 
results of such thinking is an 
industrial camera system dub- 
bed the ‘smart camera” by its 
manufacturer, Reticon Corp., of 


Mt. View, CA. The smart, of 
course, comes from the inclu- 
sion of a microprocessor—in 
this case the Intel MCS-4. 
Traditional industrial camera 
systems are used for noncontact 
inspection, process control, and 
size and position measure- 
ments. Although they are quite 


industrial camera systems 


versatile in the types of applica- 
tions they can be used for, they 
have a limited measurement and 
control capability in any particu- 
lar application because of their 
hard-wired controllers. Use of a 
microprocessor-based control- 
ler, with its inherent software 
programmability, removes most 
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AVERAGE SELLING PRICE 


The learning curve tells 
the whole story. The more 
COS/MOS we make, the 
greater our COS/MOS 
experience, the lower 

the cost. 





CUMULATIVE ee UNITS, MILLIONS 


But there are more benefits 
from the RCA learning curve than 
volume and price. There’s ad- 
vanced circuit design, meticulous 
control of quality, the offering of 
the broadest choice of functions 


and in-depth applications support. 


Should your projects, present 
and future, demand the design 
advantages of CMOS; i.e. ultra- 
low power consumption, high 
noise immunity, toleration of wide 
voltage swings—lower cost 
should make RCA COS/MOS 
more tempting than ever. 

For example, we've recently 
reduced prices of plastic, com- 
mercial ceramic and chip versions 
of standard COS/MOS by an 
average of 15%. Popular MSI 
types have been reduced by as 
much as 20%. 


And we look for this trend to 
continue as we perfect tech- 
nologies and production facilities 
even further. 

For a free COS/MOS brochure 
write RCA Solid State, Section 
50120, Box 3200, Somerville, N.J. 
08876. For complete pricing in- 
formation contact your local RCA 
Solid State distributor or phone 
RCA (201) 722-3200 Ext. 2355. 


RGM siz. 


The first house in CMOS 


Circle No. 24 


1,000 


International: RCA, Sunbury-on-Thames, U.K., or Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku, Tokyo, Japan. In Canada: RCA Limited, Ste. Anne de Bellevue 8 10, Canada. 
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The “smart” camera system consists of a 
solid-state line-scan camera, a micropro- 
cessor-based controller and a standard 
teletypewriter for program control and 
printout. 


of these limitations. It also adds 
a high degree of computational 
capability, as well as the ability 
to store the results of many 
measurements and read them 
out at an appropriate time. 

In its simplest form, the 
Reticon camera system will 
inspect parts passing through 
the camera’s field of view and 
display their dimensions in 
engineering units (inches, mils, 


etc.). It can be programmed to 
segregate measured parts into 10 
different categories and provide 
relay closures for their automatic 
binning. The system also com- 
pares its measurements to de- 
sired tolerances that are pro- 
grammable, and gives pass/fail 


PROCESS-WIDTH 
CONTROL 


MICROPROCESSOR— 
BASED 
CONTROLLER 


indications. 

This ‘‘smart camera’’ system 
keeps records of measurements 
taken and the distribution of 
parts and tolerances. On com- 
mand, it can provide a printout 
of a day’s production on a 
standard teletypewriter.—FE 





Data from two cameras can be processed with the “smart” system. For example, 
the width of a continuous sheet of material can be monitored by using a 


separate camera to look at either edge of the material. 


The controller then 


continuously calculates and updates the deviation from nominal width. 


ere’s your chance to learn 
how to write for publication 


If you want to write for EDN or 
other technical publications, but 
don’t really know the ins and 
outs of getting into print, here’s 
your chance to find out what the 
editors want and how they can 
assist you. Engineers, engineer- 
ing managers and marketing 
managers with information of 
value to their colleagues or 
potential customers can get the 
publishing know-how to com- 
municate this information at a 
1-day seminar entitled ‘‘How to 
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Write for Publication.” 
Sponsored by Boston Univers- 
ity, the seminar will feature our 
editor and the editors of about 
10 other Boston-based technical 
publications. The editors will 
explain how and why they select 
articles for their feature, product 
and news sections; gives guide- 
lines for publishing articles in 
their publications; and meet 
with each registrant individually 
to further discuss publication 
requirements. Your time won’t 


be wasted with textbook discus- 
sions and grammar, sentence 
structure and style. Instead, this 
seminar will provide you with 
practical, hard-core details. 
Scheduled for Thursday, Oct. 
10, it will be held at Boston 
University’s George Sherman 
Union. Registration fee of $75 
includes lunch, dinner and all 
materials. Make checks payable 
to Boston University-SPC and 
send them to Gary Wolfe, 
Science Communication Divi- 
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sion, Boston University School 
of Public Communication, 640 
Commonwealth Ave., Boston, 
MA 02215. The seminar is 
sponsored by the graduate 


TIP! computerizes 


Science Communication Pro- 


gram in the Journalism Division. 


of Boston University School of 
Public Communication.—CL 


Air Force tactical operations 


A military data storage and 
retrieval system contains one of 
the world’s largest mass memo- 
ries ever developed for use in a 
tactical environment. Demon- 
strated by RCA for the U.S. Air 
Force, this Display Control/ 
Storage and Retrieval (DC/S&R) 
segment comprises part of the 
Tactical Information Processing 
and Interpretation (TIPI) system. 
It is used in the support and 
command of air and ground 
forces in combat. 


Ruggedized and ready 


Packaged in mobile, trans- 
portable shelters, the system 
provides field commanders with 
all the mission/support hard- 
ware, software and personnel 
needed for processing image 
and nonimage intelligence data. 
This segment handles intel- 
ligence gathered by sources 
ranging from verbal reports to 
data collected by highly sophisti- 
cated, multi-sensor reconnais- 
sance aircraft. 





Fig. 1—TIPI DC/S&R Segment land-based equipment can be transported by mo- 
bilizer, truck, helicopter, aircraft and ship. 


Analyst stations 

One of several computerized 
intelligence analyst display sta- 
tions (23 stations are provided) is 


demonstrated. Provided with a 
Query Response Unit (QRU), 
each analyst can draw on all 
categories of information from 





ACTUAL SIZE 


9401 





THIN-TRIM capacitors are a new 
development in miniaturized vari- 
able capacitors for application in 
circuits where size and performance 
is critical. The Thin-Trim concept 
provides a variable device to hybrid 
circuit designers which replaces 
fixed tuning techniques and cut and 
try methods of adjustment. 


FEATURES 


° Low :profile for 
HYBRID CIRCUIT applications. 


¢ High capacity values for 
BROADBAND applications. 


¢ High QO - low capacity values for 


MICROWAVE applications. 


U.S. Patent 3,701,932 
Circle No. 25 





MANUFACTURING CORPORATION 


ROCKAWAY VALLEY ROAD 
BOONTON, N.J. 07005 
PHONE (201) 334-2676 

TWX 710-987-8367 


Pro-Log 


Eliminates 
Hard Wired 





Our 4-bit microprocessor system 
can replace a rack full of your 
TTLchips. You'll save design 
time and production costs. No 
big redesign jobs for options or 
changes because the logic is 
stored in reprogrammable 
ROMs. Our programmed logic 
systems are available now, off 
the shelf. 


Our PLS-401 microprocessor 
system costs less than $400 

in a quantity of one, with 
substantial OEM discounts. 
Plus we've got all the support 
you need: Design manuals, 2-day 
intensive design course, ROM 
Programmers, System Testers, 
special interface cards and 
support hardware to make your 
system go together smoothly. 


and Mini 
Computers 


Our MPS-800 microprocessor 
systems are modular production 
systems with mini-computer 
features such as: Expandable 
RAM, DMA, and 8 level priority 
interrupt. From under $950 in . 
a quantity of one with RAM. We 
have special interface cards and 
support hardware. 


Micro Processor 
Systems from 
Pro-Log 


852 Airport Road 
Monterey, Calif. 93940 
(408) 372-4593 
Circle No. 64 
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the huge 2.5 billion bit data 
bank. 

Heart of the computer system 
is the AN/UYK-7 minicomputer 
supplied by Univac. Its mass 
memory RAM shelter houses 





two magnetic drums and six disc 
units designed by RCA. 
Hardware integration of the 
DC/S&R segment of TIPI was 
performed by RCA from. their 
Burlington operation.—CD 


Fig. 2--Motorola’s Total Scope Il CRT display provides this analyst with 3-mode 
editing and keyboard control of 4000 displayed characters. A 40-key entry 
allows instant selection of firmware from a library of pre-formed messages. 


Spectrophotometer-computer system 
is valuable food research tool 


Did you ever want to know the 
fat content of ground beef or the 
firmness of a seemingly perfect 
apple? For the right price you 
can. A scanning Spectropho- 
tometer coupled to a computer, 
nondestructively locates char- 
acteristic wavelengths of practi- 
cally all agricultural commo- 
dities. 

The Spectro/Computer, avail- 
able from Neotec Corp., reaches 
optical densities of 9.0 (10° 
intensity level ratio) and scans 
from ultraviolet to visible to near 
infrared. Bandwidths are from 
1A in the ultraviolet to 3A in the 
infrared. A computer, with 
extensive built-in software, en- 


ables rapid investigations of 
transmitted or reflected ener- 


~gtes. 


Designed for simple opera- 
tion, the unit was developed 
under the direction of Karl 
Norris at the U.S. Department of 
Agriculture, Athens, GA. The 
operator places the sample to be 
tested in the allotted holder. 
After describing the scan de- 
sired, .a. CRT. .or hardcopy 
displays the analysis in seconds. 
Some areas of testing are 
firmness, taste, shelf life, pro- 
tein, oil and disease growth. The 
programs can be extended using 
either BASIC or FORTRAN lan- 
guages.—JA 
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“T tere is a better ay 
Contest 


Ansley FLEX STRIP® jumpers may never be used 


to build a better mousetrap. But you’ve found so 
many ways to lower your installed costs by using 
our jumpers since we originally introduced them 
for board-to-board interconnecting; that we’re sure 
there are thousands of applications not even heard 
or thought of yet — and we’re willing to pay just 
to find out what some of them are. 

Unlike wire, our FLEX STRIP jumpers are engi- 
neered components; so you can forget about ex- 


pensive cutting to length, wire routing, stripping — 


or tinning. For flexibility, we’ve . 
made the conductors flat; to re- | 
duce the cost of terminating, we’ve 

_ made the contacts round for quick 

insertion into hole patterns or 

sockets. 

Our FLEX STRIP jumpers do the 

same job as discrete wires, but at 

a fraction of the installed cost and 

with greater reliability. 

We’re also sure that you can see 

the immediate benefits of using 

these engineered components in 

different applications. So sure, 

that we are offering three first 


place $2,500 unrestricted engineering scholarships 
to any accredited university or engineering college 
of your choice. Use it yourself or transfer it to any- 
one you choose. Sound interesting? All you have 
to do to qualify is send us new design applications. 
We’ve even increased the chances of your winning 
by offering secondary prizes of four HP-45 calcu- 
lators and a half a dozen T.|. SR-50 electronic slide 
rules — all that in return for well thought out appli- 


cations. Your chances are pretty good! 


circle the reader service number 
for your ANSLEY BETTER WAY 
CONTEST entry kit. It will detail the 
rules, provide complete technical | 
information and FLEX STRIP® 
jumper samples, plus a list of typi- 
cal applications. All we need are 
new ones! Even if you’re not inter- 
ested in our contest, send for the 
package, our application drawings 
may solve an interconnection de- 
sign problem you’re working on. 
(Employees of Thomas & Betts 
Corporation, its subsidiaries, agen- 
cies & distributor salesmen are not 
eligible for prizes.) 

| Circle No. 26 


Interested? Just 


ANSLEY ELECTRONICS CORP. 

Subsidiary of Thomas & Betts Corporation 

3208 Humboldt St., Los Angeles, Ca. 90031 
Tel. (213) 223-2331, TWX 910-321-3938 


Ansley 


SOLD COAST TO COAST THROUGH AUTHORIZED ANSLEY DISTRIBUTORS. 
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PhD II—What does it take to earn 
an Intelligent Instrument degree? 


Intelligence is a relative quality. As applied to instruments, its 
definition can be elusive. Here’s a guide for measuring it. 


Martin Marshall, E-H Research Lab., Inc. 


What is intelligence? If lithium niobate molecules 

arrange themselves into a local decrease in 

entropy called a crystal, if a single-celled euglena 

wiggles its way to sunnier water, or if a child 
/ 


uy 


The AMC 1010 is a 1-GHz dual-trace sampling scope that 
combines digital readout, program display and a fluency in 
ASCII. It is used for computer-directed fault diagnosis and 
monitoring of up to 100 test points within a system, or can be 
used manually. With an accuracy of 1% of F.S., it spans ranges 
from 0.2 nsec/division to 100 msec/division. 


dreams of unexplored worlds, they all have 
exhibited some form of intelligence. Clearly, to 
talk about intelligent electronic instrumentation 
in a rational fashion you need some criterion by 
which to detect or measure intelligence. 
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In the biological world, these criteria are the 
answers to a set of questions that might well be 
asked of electronic instruments. They are: 

eDoes it have an instinct for self- 

preservation? 

e Is it aware of its environment? 

e Can it remember its experience? 

¢ Can it interpret its experience? 

e Can it make decisions on the spot? 

¢ Can it express itself? 

e Can it communicate with another 
ligence? 

¢ Can it understand the problems of others? 

¢ Is it sure of its sensitivities and judgement? 


intel- 


When the answer to at least one of these 
questions is yes, then you have an instrument 
with some kind of intelligence. Some of the paths 
that instrumentation has taken in order to achieve 
“ves’’ answers are: 


¢ Over-voltage protection 
¢« Measurement sensitivity 
¢ Local memory 

¢ Arithmetic capability 

¢ Real-time response 

¢ Digital readout 

¢ Programmability 

e Fault diagnosis 

e Self-checking capability 


Several of these capabilities have been around 
for a long time, but only became common in 
instruments as the switch from analog to digital 
measurement techniques prevailed. Others have 
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The 16 traces of the E-H AMC-1320 logic analyzer show such 
analog information as ringing (channel 10), a higher ZERO and 
a low ONE (channel 12) or a glitch (channel 14), in addition to a 
display of logic states. 


been made cheaper and easier by the advent of 
LSI and wP’s. Add to these advances the arrival of 
‘firmware’ in data acquisition systems in the 
form of interchangeable pROM’s and it becomes 
clear why so much “‘intelligence”’ is being packed 
into today’s instrumentation. Let’s first look at 
where we’ve been. Then we'll examine the recent 
progress of these features. 


Evolution—from DVM to logic scopes 


From the first DVM introduced by Non-Linear 
Systems, Inc., back in the early fifties to the first 
sampling scope introduced by HP in 1961, to the 
Tektronix storage scope in 1965 and spectrum 
analyzer in ‘70, to the Boonton self-balancing 
capacitance bridge in 1973, and finally to the logic 
scope of 1973-74, instrumentation has taken on 
the responsibility of processing the information 
that used to be left to the operator and his 
computer, if it was possible at all. Now thanks to 
LSI, microprocessing, local memory and just plain 
human engineering, these instruments have 
come alive with their own languages. 

They protect themselves to some extent and 
feature restricted operator participation. They 
often tell the human operator when he has made 
a mistake, and can often indicate their own 
failures—to a limited extent—to him. Schooled by 
iteration, these instruments adjust themselves 
accordingly, as with feedback loops of stimulus 
and measurement modules. And they do acquire 
and process incredible amounts of information at 
speeds that are humanly impossible. 

These improvements have permeated the field 
of instrumentation, advancing somewhat in stim- 





ulus modules but largely in monitoring and 
measurement modules. They have elevated the 
calculator to the status of a small computer and 
added new dimensions to the oscilloscope. 


Self-protection leads to long life 


Mistakes and component failures are bound to 
happen, and an instrument that can survive quick 
changes in its environment has a much higher 
chance of a long, useful life. For most instruments 
this protection is simple; some kind of voltage- 
damping circuit at the input or a current-sensing 
circuit in the power leads to effectively discon- 
nect its circuitry during a voltage or current 
overload. 

Some instruments attempt to avoid failure by 
use of redundancy. Such is the case where a 
decision is based upon the output of three 
parallel sensors, with the majority ruling. This 
way, if one circuit fails, the functioning of the 
instrument continues and a warning flag is sent to 
a processor or LED. The trouble with redundancy, 
though, is expense, for it costs more to make 
three of everything. However, if that extra cost is 
outweighed by the cost of downtime on the 
system, then it is justified. 


Fault diagnosis moves ahead slowly 


A truly intelligent instrument should be able to 
determine its own faults, and then be able to 
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Using a dual-limit rather than a single-limit comparator in the 
E-H AMC-1320 logic analyzer yields such analog information as 
rise times, low ONE levels, high ZERO levels, ringing and 
positive or negative glitches. As displayed, a single threshold 
scheme cannot retain any risetime information and can only 


detect large glitches. 


compensate for them. Unfortunately, at this stage 
of technology such an instrument is seldom 
practical or even feasible. Some progress has 
been made, however, in indicating to a user 
various setup or even hardware discrepancies. 
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For example, some oscilloscopes have an 
indication on the CRT that tells a user if the probe 
that is generating a given trace is ungrounded. If 
you mix up the starting and ending points of a 
time or voltage measurement on some sampling 
scopes, the digital readout (DRO) indicates the 
error by putting a minus sign in front of its 
measurement display. Several pulse generators 
have the feature that no matter what the instru- 
ment setting is, the pulse generator will be 
protected. Another feature is if an illegal setting is 
used, such as a pulse width longer than the 
period, the instrument will ‘“count down” pulses 
(i.e., generate every other pulse). 

Ideally, fault diagnostics can be built-in even at 
the most elementary level. LSI wafers, for exam- 
ple, are currently being designed with built-in- 
test features such that if the entire IC is working, 
the voltage on one lead will remain at a specified 
level. If this can be done for LSI IC’s, then it can 
be done for instruments and systems. But tech- 
nology hasn’t reached that stage yet, so fault 
detection instruments are still necessary. | 


GO/NO-GO tests can be complex 


Fault detection is most important at the system 
level, where one instrument is assigned to 
monitor and diagnose the rest of the system 
elements. Naturally such an instrument has to 
monitor quite a number of key points, whether 
the system be an LSI chip or a satellite tracking 
station. 

One approach to this kind of monitoring is to 
use a programmable sampling scope with 100 
probes tied to the system computer or to a 
programmable calculator. Although these scopes 
have memory for program and current data 
information, they would still require analysis by 
the CPU (GO/NO-GO paths) and then some sort 
of fault dictionary in order to spit out such a 
sophisticated diagnosis as ‘‘Replace Qi. in mod- 
ule 14.” 

You can get an idea of how complex fault 
diagnostics can become by noting that testing a 
single LSI chip may require a half-million dollar 
test system. On a more practical system level, 
however, the answer is a programmable form of 
the new logic scopes: that have burst onto the 
marketplace in the past year. Such an instrument 
continuously monitors an operating system and 
triggers on the system fail flag. Its pattern of 
ONE’s and ZERO’s on, say, 16 key traces is then 
dumped into the CPU and compared with the 
standard pattern stored in disc. If that pattern 
checks, the CPU runs through a fault dictionary. 
This switches the logic scope probes to new 
points in the system, and instructs the scope to 
trigger on a new set of logic states corresponding 
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to the suspected fault. In this way a CPU program 
closes in on the most minute fault in the most 
complex of systems. 





The Biomation model 1015 waveform recorder converts an 
analog signal to digital data and stores it in a digital memory. 
Utilizing four A/D converters with 10-bit resolution and a 4k 
10-bit word MOS memory, it digitizes and stores signals up to 
25 kHz. Data output is by selection: digitally, or analog, fast 
for your scope and slow for your pen-and-paper recorder. 





Unique capability! It has the ability to record the signal 
preceding the trigger point. This ‘‘pretrigger recording” 
feature ensures recording of the leading baseline and rise of a 
signal. 


The operative word in such a near-idyllic setup 
is “suspicions.” Suspicion is a type of intel- 
ligence requiring both memory and data process. 
The only limit to this kind of fault-detection is the 
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system engineer’s experience in describing sus- 
pected faults, knowing what points to examine 
and what to trigger on. A dictionary of these 
suspicions gives the instrument the electronic 
equivalent to animal instinct. What it does not 
give the instrument is true creativity, the ability to 
envision a totally new type of failure requiring a 
new trigger pattern. For that the human operator 
must examine a CRT. 


Consider measurement sensitivity 


Somewhere between the noise level and the 
breakdown voltage of a sensor is the valid 
measurement spectrum for intelligent instru- 
ments. Regardless of the property they measure, 
they should have one feature in common, auto- 
ranging. These instruments will then automatical- 
ly select a measurement range appropriate to the 
unknown magnitude. This will require more 
sophistication than the automatic gain control 
(AGC) used in the RF field. 

In our case, the digital instrument must ‘‘know”’ 
enough to inhibit measurements while changing 
ranges. Starting at the highest range (minimum 
sensitivity), it then increments to one on which 
the input signal is a given fraction of full scale. 

Sometimes, however, you are not afforded the 
luxury of having repetitive waveforms to mea- 
sure. If you want to observe transient parameters, 
you must use instrumentation built around the 
philosophy: ‘Genius is doing it right the first 
time.’’ These are the single-shot measurement 
modules that have become popular as the switch- 
over to automated systems has taken place. 

Unlike oscilloscopes that require many passes 
of a given waveform in order to build up a display, 
single-shot time and voltage modules must cap- 
ture the desired information using only a single 
stimulus. This quality is duplicated by storage 
scopes, but limited to a bandwidth of 100 MHz as 
opposed to the over 1 GHz of the single-shots. 

In IC testing for example, it is often important 
to examine the first pulse that comes out of an 
untested device. The pulses emitted before a 
device has heated up can be the cause of 
subsequent system failures. This fact, coupled 
with the ability to make measurements five to 10 
times faster than oscilloscopes, has led to the 
inclusion of single-shots in many automated 
systems. 


Digital readout cuts human error 


From the first digital voltmeter (DVM) in- 
troduced in the early fifties, the idea of digitizing 
a measurement has been to eliminate the human 
error factor. Instead of squinting into a panel 
meter in an effort to avoid parallax errors, one 
simply reads numbers off the display. The ad- 


vantages of DRO are readily apparent in DVM’s 
and DMM’s. Now oscilloscope makers also find 
them a great advantage, so much so that new 
Tektronix and HP models have some form of 
DRO. 

The logical place to begin is with sampling 
oscilloscopes, where quantized grids fix the time 
relationships of dots on the scope’s trace. Once 
the dots are quantized, it’s a short step to 
digitizing the voltage of each dot. Finally, the 
scope’s electronics display the desired time and 
voltage difference measurements as alphanumer- 





Microprocessor-controlled bridge computes and displays 
1-MHz capacitance and loss. Designed by Boonton Electron- 
ics, model 76A. is fully programmable and features autorang- 
ing, storage, digital readout and ASCII data output. 


ic characters on the CRT. The first such scope was 
the Tektronix 567 introduced in 1963. Its inventor 
then formed Automated Measurements Corpora- 
tion in 1964 and produced a line of programmable 
sampling scopes with DRO. 

The scopes were an instant success, as one 
AMC salesman relates. ‘‘We used to go into a 
factory and see scopes with masking tape or 
grease pencil lines on the CRT to mark off 
acceptance limits on a QA measurement. Our 
accuracy was 2% with the DRO, but the best they 
could do with the analog scope was about 5%. 
With the acceptance limits marked so crudely, 
they often wound up with 10% errors, simply 
because the human eye was part of the measure- 
ment system.” 

The usefulness of DRO goes far beyond letting 
the electronics do the squinting, however. In 
formatting the measurements into digital signals, 
designers were preparing these instruments for 
the second plateau of intelligence, program- 
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mability. For you see, a digital signal can be sent 
as easily to a controller as it can to a DRO. 


Programmability means intelligence 


Just as one of the first signs of intelligent man 
was his ability to communicate with other men, so 
is an instrument's capability to communicate with 
another a mark of its intelligence. Until recently 
the prime communicating instrument was a 
computer, but now programmable calculators 
have been upgraded and compete for minicom- 
puter applications. In addition, other instruments 
have added memories and arithmetic capabilities, 
and now store their own programming locally 
(firmware). 

Take, as an example, a programmable sampling 
oscilloscope with DRO. It receives programming 
instructions from a keyboard or controller and 
stores them in local memory. Next, it makes a 
time or voltage measurement and stores that in 
local memory, too. Both its programmed settings 
and DRO are displayed on a CRT screen shared 
with the measurement traces. This the local 
memory allows it to do without communicating 
with a computer. In other such instruments, 
either present or next generation, reprogram- 
ming the instrument is done entirely in firmware 
using pROM’s. 

Another advantage of programmability is that it 
allows an instrument to learn through feedback. 
A controller can program a pulse generator, for 
example, to produce certain pulses. The ones that 
result can then be monitored by a programmable 
scope and fed back into the controller. The 
controller compares the results with its expecta- 
tions, and, based on this, issues new commands 
aimed at producing a closer approximation of the 
desired pulse. These feedback programs can also 
be used for self-diagnosis of a single instrument, 
or for several instruments in a system. The 
operator simply runs a tape that exercises all the 
functions and ranges of an instrument and then 
compares the measured output with expected 
values. The same can be done for measurement 
instruments using known stimuli. 


Processing is super intelligence 


Local memory provides an instrument with the 
ability to perform arithmetic manipulations of its 
measurement data without the need of a com- 
puter. A scope, for example, with some form of 
local storage can count the number of time 
intervals between one voltage on a waveform and 
another, and then display its calculation on a 
DRO. Another can multiply the voltage of one 
trace by that of another and display the resulting 
trace. This convolution of two traces or even a 
transformation from time to frequency domain is 
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made possible by adding arithmetic capability to 
an instrument. 

Local memory also allows for the creation of an 
instrument that can retain data received im- 
mediately prior to a given trigger signal. This 
feature has given rise to a new class of instru- 
ments called logic scopes or logic analyzers. Such 
instruments trigger on a malfunction and display 
the data acquired a certain number of bits both 
before and after the trigger event. In so doing 
they exhibit a form of intelligence that few 
animals attain, truly simultaneous reception of 
information from many sources (up to 16) on a 
real-time basis. | 

Beyond this, such an instrument exhibits yet 
another mark of intelligence, the ability to 
selectively respond to stimuli. In these instru- 
ments, that ability takes the form of Boolean 
combinatorial triggering. Boolean triggering is 
the triggering of the instrument on the desired 
combination of ONE’s and ZERO’s of the input 
data. One may recognize a fault as having ZERO’s 
on the first five traces and ONE’s on the next 
three, for example. The gating logic within these 
instruments makes the Boolean triggering pos- 
sible, but the “look back’ feature would be 
impossible without local memory. 

In the next generation, with LSI containing 
built-in test features, the ability of intelligent 
instruments to pinpoint not only their own faults 
but a system’s as well, will enable them to 
indicate the smallest errors in the largest systems. 
Then the next step will be to get them to solve 
problems for which there are no analogs, using 
methods for which there are no precedents. Such 
an instrument would be not only intelligent, but 
creative. 


Author’s biography 


Martin Marshall is a senior 
writer for E-H Research. 
He was formerly an assis- 
tant to the Science editor 
of Newsweek magazine 
and in 1971 was the editor 
of the New Engineer mag- 
azine. He received his BS 
in physics from Caltech 
where he did research on 
NAS & AEC projects. Having found chess a bit 
slow, Martin now has time for acting and singing 
with a blues band in San Francisco and Berkeley 
theaters. 
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Plug-in transformers 
specifically designed for 
elephone interconnect! 
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Low-profile line meets or exceeds 
all modem and voice transmission 
impedance-matching requirements. 


If you’re designing modem or voice interconnect equipment soldering and quick insertion on card mounts. 
you now have a complete line of TRW/UTC plug-in trans- TRW/UTC is the leader in transformer miniaturization. 
formers to work with. ~ With our new plants in North Carolina and Illinois, we'll have 


They are specifically designed for the telephone inter- the capacity to produce almost any transformer you need — 
connect market, meeting or exceeding all specifications for in any quantity—at very competitive prices. 
low distortion, longitudinal balance, insertion loss and return For complete information, call or write TRW/UTC Trans- 
loss balances. What's more, our low-profile Ouncers, Sub- formers, an Electronics Components Division of TRW, Inc., 
ouncer and-Sub-subouncer units are designed for wave 150 Varick Street, New York, N.Y. 10013. Tel: (212) 255-3500. 


TT RRW urc TRANSFORMERS” 
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A Recorder.... 


If all recorder requirements were the same, it wouldn’t make 
any difference what recording paper you used. All recording 
papers would be the same also. 





But the recording equipment you design is unique. Its 
recording speed, dynamic range, resolution and other char- 
acteristics are not identical to all other recorders. So if you 
are going to get peak performance, you must use a recording 
paper which matches your unique design requirements. 





At Fitchburg CPI we have ten different lines of coated 
recording paper. With literally hundreds of standard varia- 
tions to meet practically every recording requirement. We 
have recording papers to meet the special requirements of 
sonar, computer print out, electrocardiograph, non-destructive 
testing, industrial event recording, photo facsimilies and voice 
characteristic sonagrams. 


If we don't have a recording paper to exactly match the 
characteristics of your machine, we can develop one. Our 
lab facilities and R & D department are at your disposal. 





Fitchburg CPI is the world’s largest manufacturer of electro- 
sensitive recording paper. Our technical personnel will select 
or develop a recording paper for your machine that will record 
all the detail and fidelity of your recording signal. 


If you build specialized recording equipment, why not allow 
us to advise you on the selection of electrosensitive, heat 
writing, pressure writing or other recording media. As a start, 
we would like to send you a free copy of our technical bro- 
chure ‘‘The dry electrosensitive process’. It’s yours for the 
asking. 





FITCHBURG COATED PRODUCTS 


Litton Box 1106, Scranton, Pa. 18501 Phone: 717-347-2035 
Circle No. 28 
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No matter where you go, you won’t find a more versatile 
line of circular plastic connectors. AMP has a variety of design 
options. From mating plugs to panel-mount or free-hanging 

receptacles. From square flange to feed-thru pressure _ 
bulkhead receptacles. They’re available with many types of 
contacts and arrangements. And in popular shell sizes: 11, 17, py 
What’s more, there are sealing boots, strain relief /shield | 
components, peers or solder contacts, plus standard | 
_or t splashproof models. | 


plastic connectors 





are better than metal ones. 


Besides offering greater versatility, AMP 
gives you high-strength, glass-filled nylon 
connectors that are as reliable as metal 
ones—but cost much less. In some ways, 
they’re even more rugged. Because AMP 
Circular Plastic Connectors are resilient. 
Yet, up to 50% lighter. And nonconducting. 


Contacts to fit every need. 


AMP supplies a great variety of contacts 
for #8AWG to #28AWG wires. The pins 
and sockets are stamped and formed from 
top-quality copper alloys, and are available 





with either a gold or tin finish. And with 
AMP, you pay only for the contacts you use. 


AMP automatic machines. 
For high-speed termination. 


The contacts are supplied in continuous 
strip form. So termination is possible at 
volume production rates. And at the lowest 
possible cost to you. To be certain that 


you'll be able to take full advantage of 
these savings, AMP worldwide has over 


1,000 field service and sales engineers to 
assist you with design and production 
applications. No matter where in the world 
you're using AMP commercial connectors. 


Features that lead 

to more savings. 

Built-in pin and socket protection. Quick 
connect/disconnect capability. Thread-assist 
coupling ring with positive detent locking. 
5-key polarization is built in to assure 
proper connector mating. 
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AMP 1s at the core 


of reliable circular 
plastic connectors. 


No matter what 
industry youre in. 
Aircratt 


Office Equipment and 
Business Machines 


Computers and 
Peripheral Equipment 


Automotive 
Space Vehicles 


Appliances and Home 
Entertainment Products 


Industrial Equipment 
Instruments 


AMP has some 100 
manufacturing plants, 
warehousing facilities and 
sales offices worldwide. So we 
can handle virtually all your 
circular plastic connector needs 
no matter where you're doing 
business. Call (717) 564-0100. 
Or write AMP Incorporated, 
Harrisburg, Pa. 17105. 





INCORPORATED 





AMP is a trademark of AMP Incorporated. 


What’s so good about our 12-bit DAC85 D/A 
converter? For one thing, it has its own 
internal reference and output amplifier. It 
guarantees laser trimmed linearity to + % 
LSB, gain drift as low as +10ppm/ °C, and 
maximum bipolar offset drift as low as 
+5ppm/ °C. Voltage output models settle to 
+0.01% in 5usec; current output models in 
just 300 nsec. Throughput rates can be as 
high as 3 MHz for full scale ranges. And, 
these tiny hermetically sealed 24-pin dual-in- 
line units offer nonlinearities of +0.012%. 


the Complete, 
high performance 








You do have alternatives. You can design a 
12-bit DAC from commercial IC or discrete 
parts, but it will cost 2 or 3 times as much 
and might take up to 6 months from design to 
plug-in. If you have space, you could buy the 
popular 2” x 2” modules. We sell those too. 
Or, you can buy a 10-bit CMOS DAC from 
somebody else, add 2 bits of R2R ladder 
network with very tight tracking and good 
absolute accuracy, if you can find them and 
get delivery. Then, add on an external 
amplifier. Careful though, CMOS is hard to 
handle and static discharge can blow 

a switch. 


Yes, you have alternatives, but why waste your 
time when the DAC85 offers the best 12-bit 
price/performance/size relationships on the 
market. Prices start as low as $62.00 in 100’s. 
Write or call us for complete details. 
Burr-Brown, International Airport Industrial 
Park, Tucson, Az. 85734. Telephone (602) 
294-1431. 


BURR -BROWN 


Have you heard about 








Hybrid IC 12-Bit DA 


Converter that saves 
time, space, and money? 


It’s ours. 











Circle No. 29 





Another Data Converter 
from Burr-Brown! 
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Today’s system concepts demand 
instruments be made intelligent 


Microsystems from LSI technology can enhance data acquisition, 


processing and display functions. 


Bruce Hamilton and Luis Navarro, Tektronix, Inc. 


Advances in technology, particularly over the last 
decade, have resulted in a tremendous increase 
in the complexity of electrical measurements and 
instrumentation. Electrical signals increased sig- 
nificantly in bandwidth and information content. 
New instrumentation designed to measure these 
signals faced demands from the users that it be 
more accurate and versatile. To a large extent 
instrumentation did become more accurate and 
versatile. However, as a result of trying to meet all 
these requirements, instrumentation also became 
more complex to operate and often less reliable. 

Fortunately, the same technology that was 
causing instrument designers these problems was 
beginning to provide some solutions. Small and 
medium-scale integration improved reliability, 
while LSI promised even more improvement. 
Integrated logic brought minicomputer prices 
tumbling down and put more of them on the 
market. As quickly as mini’s began to appear, they 
were used in instrumentation, providing a means 
of increasing the capability of instrumentation 
while simultaneously simplifying or even auto- 
mating its operation. This initial application of 
intelligence to instrumentation proved so benefi- 
cial that a major trend was established. 


Instrument functions identified 


Most measurement instruments divide into 
three functional sections: acquisition, processing 
and display. These basic functions can be identi- 
fied in instruments ranging from a simple VOM to 
a complex laboratory oscilloscope. For example, 
in the VOM, the probes are the acquisition 
section; the internal resistive dividers, the pro- 
cessing section; and the meter, the display 
section. 

With a more complex instrument such as an 
oscilloscope, again three sections exist. The 
probes are definitely in the acquisition section. 
(Dedicated probes may be used to adapt the 
scope to the signal being acquired.) Some scopes 
have plug-ins that may also be considered as part 
of the acquisition section. In such cases, the 
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Any displayed signal can be digitized and processed by the 
Tektronix Digital Processing Oscilloscope. Over 30 plug-ins 
give the DPO unmatched acquisition flexibility. Signals from 
w.V to kV in amplitude, from psec to sec in duration and from 
dc to 14 GHz are made available for analysis. 


acquisition process can be optimized merely by 
changing plug-ins. An _ oscilloscope’s internal 
amplifiers, delay lines, etc. form the processing 
section, while the CRT is the display section. 
The trend today is to make measurement 
instrumentation modular. Most modules perform 
one or two of the three functions. An example of 
this in a digital voltmeter is the H-P 3470 
Measurement System. Several modules combine 
the functions of acquisition and processing. A 
separate module is used for the display function. 
Another example is the Tektronix Digital Proces- 
sing Oscilloscope (DPO), where the acquisition, 
processing and display are all separate modules. 


What is intelligence? 


Webster’s Dictionary defines intelligence as 
‘the capacity to apprehend facts and propositions 
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Before very fast transients can be studied in detail, they must 
be captured. The Tektronix R7912 Transient Digitizer in 
waveform digitizing instrument configurations is designed 
specifically for high-speed signals. Using a CRT scan con- 
verter, it provides a visual writing rate of 30,000 divisions/wsec 
or a digital stored writing rate of 8000 divisions/psec. This 
instrument accepts fast single-shot or repetitive signals and 
converts them to slower analog or digital signals. 





and their relations and to reason about them.” 
However, this definition is not exactly applicable 
to our discussion. Hence, the following definition 
is proposed: ‘Intelligence is the ability to accept 
instructions and facts (data) and then carry out 
these instructions, with decision making based 
upon the facts.” 

Being structured to accept instructions and 
make decisions (conditional branch instructions), 
surely mini’s and programmable calculators quali- 
fy as leading candidates. Our definition also 
embraces other calculator and computer-like 
structures that accept instructions and make 
decisions. 

To help clear up some of the gray area between 
intelligence and nonintelligence, keep in mind 
that there will be structures with intelligence 
constrained. That is, the intelligence is there, but 
can’t be used. If the intelligence is dormant or 
currently unused, the instrument cannot be 
judged intelligent. : 


Acquisition with intelligence 


A frequent demonstration of intelligence in the 
acquisition function is in the recording of signals 
or readings on a magnetic tape, disc or paper 
tape. Here, controlling of recording equipment 
during search, read, write and rewind operations 
requires intelligent decision making as well as 
special 3, 8, 12 and 16-bit formatting. 

Front panel simplification by eliminating the 
need for some manual controls is another manifes- 
tation of acquisition function intelligence. One 
example is the automatic selection and display of 


the correct attenuation for an input signal. This is 


generally known as autoranging, and may include 
a means of incorporating complex criteria for 
range selection based on input signal parameters. 
However, autoranging may not be feasible under 


certain conditions. One is failure to acquire the 
input signal or its parameters; the other is an 
override command from an external source such 
as a keyboard. 

More accurate signal acquisition is made with 
very precise signals presented to the acquisition 
section for either self test or for comparing with 
the input signals or readings just acquired. 
Differences represent errors and can be stored 
and used to correct future readings. When the 
computation and use of correction factors is done 
automatically, you have automatic calibration or 
‘‘autocal.”’ 


Processing with intelligence 


Advanced digital and numerical techniques 
now make it economically feasible to employ the 
intelligence of a minicomputer to process signals 
formerly handled by analog circuitry. Some of the 
resulting benefits are: 

¢ More precise processing 
¢ More versatility in processing 
« Processing not limited by time and BW 

More precise processing. The precision of an 

intelligent device such as a minicomputer or 





Interchangeable modules are featured in the H-P 3470 
measurement system 4-digit DVM. With its ‘‘snap-together” 
expandability, changes in measurement needs are readily 
accomodated. 


programmable calculator usually ranges from 
four to 12 decimal places. If proper precautions 


are taken, the numerical errors introduced into 


calculations can be held to one or two decimal 
places. As a percentage of 12 decimal places, 
these errors are far less than the best tolerances 
available in analog components. 

However, the reader should be made aware 
that precision does not always mean accuracy. 
Accuracy is an absolute thing and the results of 
processing cannot be more accurate than the 
original data. This problem is realized when a 
signal must be digitized for processing. Current- 
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The OMNIFEROUS™ FFT Analyzer Model OF-400 is a dual 
hi-speed FFT processor. It operates like an instrument and 
calculates like a computer. Supplied by the Nicolet Scientific 
Corp., it enables a user to observe transfer function, 
cross-spectra or coherence as the signal is changing, without 
waiting for the analyzer to perform successive laborious 
calculations. 


ly, the techniques for digitizing produce accura- 
cies much less than the 12-place processing 
precision mentioned earlier. 

Analog-to-digital converters (A/D) available 
today are a trade-off between speed and accura- 
cy. Their accuracy limitation is basically deter- 
mined by noise introduced by the A/D circuitry. 
For example, 14-bit (4+ decimal places) A/D 
converters are available; however, they convert 
so slowly they may have to be combined with 
samplers to be able to digitize the majority of 
electrical signals. As a result, some fast single- 
shot signals cannot be converted by a 14-bit AD 
converter. 

More versatility in processing is available 
through the use of intelligence. As an example, 
consider the Tektronix DPO processing section. It 
performs the following processing functions: 

¢ RMS, average waveform measurements 

e Addition, subtraction, multiplication and 
division between two waveforms, or a wave- 
form and a variable 

e Integration, differentiation 

¢ Signal averaging 

e Fourier and inverse fourier transforms 

Convolution, correlation 

e Probability density functions 

Normally several different instruments are re- 
quired to do all the above operations. On the 
other hand, configured with BASIC programs, the 
intelligent DPO, unassisted, runs the above 
functions. Thus, it acts like several instruments 
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controlled by a computer. That’s versatility! 


Time and bandwidth do not limit the proces- 
sing function implemented with intelligence. On 
the other hand, they do limit very severely 
processing employing analog circuitry. As an 
example, consider the integration of a signal with 
op amps. It limits at several tens of kHz. Discrete 
components will up it to several tens of MHz, but 
what can you use at several GHz? The answer is to 
digitize the signal by intelligent means. Integra- 
tion will then become independent of bandwidth 
and be available for calibrated displays and other 
processing. 


Display with intelligence 


Perhaps the finest examples of intelligence, 
combined with the display functions, are the so 
called ‘‘intelligent terminals.” Configured with 
many routines, they use memory freely to peri- 
odically refresh alphanumerics and_ graphics. 
With it you can scale, rotate, window and 
translate the display. Thus, intelligence can make 
the display more meaningful. 

Another example of display intelligence is the 
DPO. Although limited in nature, it too has a 
memory for refreshing the display. It is limited to 
a fixed format of a single-valued function along 
the x-axis and two 40-character lines of al- 
phanumerics for the top and bottom of the 
display. However, it also stores and thereby 
refreshes one complete frame for use as a 
standard (or signature) waveform. This is then 
displayed simultaneously with real-time wave- 
forms. to make comparisons. Other features 
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pV resolution is preserved with the precision of a program- 
mable calculator in the Hewlett-Packard model 3050A Data 
Acquisition System. Adding a scanner to a multimeter and 
teaming them with a calculator, provides precision and 
control for scanning up to 100 data channels. On-line or 
off-line analysis of incoming data can be performed by 


programmed algebraic calculations. 
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include scaling the display in a linear or logarith- 
mic manner and translating it prior to storage in 
memory. Again, intelligence provides a more 
meaningful display. 


Interfacing with intelligence 


A new area for incorporating intelligence is the 
instrument interface. Here, microcomputers or 
CPU’s on a chip make increasingly complex 
(hence, extremely more intelligent) interfaces 
economically feasible. These augmented in- 
terfaces occupy less space and consume less 
power than equivalents built with combinational 
logic. With proper implementation, they are very 
adaptive and easily interface with different de- 
vices for a minimal change in hardware (cable) or 
microcomputer program (usually in a pROM). 

The discussion so far has centered on using 
intelligence, now some of the ways of implement- 
ing intelligence will be discussed. Basically the 
implementation falls into two categories: spe- 
cial-purpose hard-wired logic and general- 
purpose programmable structures such as mini- 
computers and programmable calculators. 
Special purpose logic. Intelligence may be imple- 
mented in special-purpose combinational logic. 
Advantages of this type of structure, since it may 
be the least hardware approach, are smaller size 
iand weight, and faster operating speeds. 

An example is any of the hard-wired FFT 
processors on the market (i.e. real time radar 
spectral analysis). They make decisions and 
follow instructions; hence, they are intelligent. 
They are about 1000 times faster than equivalent 
computer programs. Thus, they exemplify the 
speed characteristic of special-purpose logic but 
not the other characteristics, because they typi- 
cally are larger and cost more than mini’s. 
GP programmable structures. Minicomputers, 
microcomputers and programmable calculators 
are examples of general-purpose programmable 
logic. The authors feel that they are the most 
feasible type of intelligence for use with instru- 
mentation. Being programmable, they are adapt- 
able to a wide range of uses and a wide variety of 
tasks, ranging from controlling to processing. 

The minicomputer in the DPO exemplifies this 
flexibility for it controls the acquisition of wave- 
forms, their formats, and displays as programmed 
in the BASIC language. It is this kind of flexibility 
that justifies the cost of a minicomputer. 

Easier to implement. Implementing intelligence 
with minicomputeérs is made easier than with 
special-purpose logic because of the availability 
of supportive techniques and equipment. Editor, 
assembler, compiler, debugging and test pro- 
grams used in conjunction with a disc operating 
computer system (DOS) greatly simplifies soft- 


ware development for this implementation. 

Software. Instrument intelligence implemented 
with a general-purpose programmable device is 
determined mainly by the programming or soft- 
ware. This software is as important as hardware, 
and, as such, should be developed concurrently 
with the hardware. In this manner, timely trade- 
offs are made to minimize the cost of the 
instrument. Software should not be considered 
free simply because it is more difficult to price a 
word than a logic gate. At present prices, a word 
of software for a minicomputer costs about 60¢, 
while a logic gate is about one-third of that (less 
engineering costs). 

Software is used to smooth over many of the 
rough spots in the man-machine interface. It can 
simplify the operation and controls, in addition to 
providing displays that are easier to understand. 
The software allows the user to control operation 
of the instrument via either pushbuttons or a 
terminal. Operation of the pushbuttons should 
be determined by the operator so as to fit his 
particular measurement requirements. In addi- 
tion, he can write programs incorporating control 
and processing in a simple, interactive language 
such as BASIC. 

For example, the software could provide auto- 
matic features for picking the scale factors for a 
proper calibrated display. It could also perform a 
dimensional analysis during any processing in 
order to provide correct dimensional units with 
the scale factors.O 
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Here's a new low-cost A/D video output drivers e Differential ECL strobe 


digitizer that gives you high quality input e Easy-to-fix PC card construction 
real-time conversion of color TV or e Converts NTSC or PAL color signals 
other video bandwidth waveforms. e Has acompanion D/A converter for 
Only $2300 in onesey-twoseys, it’s only $700 to ensure system 

also available in OEM order lots at compatibility. 


substantial discounts. 
Data sheets are available. And our 
FEATURES: | reps will be delighted to arrange a 
Conversion rates to 15MHz - demo. Call or write Biomation, 10411, 
e 8-bit (1 in 256) resolution e 75 Ohm, Bubb Road, Cupertino, CA 95014. ° 
1V full scale input e Precise track-and- Phone: (408) 255-9500. 
hold performance e Balanced ECL TWX 910 338 0226. 
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Extras that result in higher reliability, wider availability, 
and greater economy are integral to these TRW/Cinch 
edge connectors: 


[] Gold-plated contact reliability at a lower cost 
through Cinch selective plating (30 microinches on 
board contacting areas and 10 microinches on non- 
contacting areas). 


[] Cantilevered contact construction results in gap 
uniformity and controlled insertion and withdrawal 
forces, due to preloading of bifurcated contacts against 
insulator stop. | 


[_] Available in 16 sizes, from 10 to 50 double readout 
contact positions, with choice of wire wrap’, dip solder 
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or solder tab terminations, and detachab e care 
guides, for added versatility. . 


[] Nation-wide stocking by TRW/Cinch distributors 
of six popular sizes (15, 22, 36, 40, 43, and 50 positions) 


for off-the-shelf availability. 


For additional information, see detailed listings in EEM, 
contact your nearest TRW/Cinch sales office, or dial 
toll-free (800) 645-9201 for the name of your nearest 
TRW/Cinch distributor. Or write for Catalog C-24, 
describing the complete line of printed circuit edge 
connectors, to TRW/Cinch Connectors, an Electronic 
Components Division of TRW Inc., 1501 Morse Avenue, 
Elk Grove Village, Illinois 60007; phone (312) 439-8800. 


*T.M. Gardner-Denver ~CM7401 
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How to get acquainted 


with a uP 


Here’s a down-to-earth approach for letting the microprocessor 


itself teach you what it’s all about. 


Robert H. Cushman, Special Features Editor 


First steps are always the hardest. How does a 
designer who has never worked with a full 
general-purpose digital-computer (GP/DC) sys- 
tem get that initial familiarity with a specific 
in-the-flesh computer that opens up the doors to 
all GP/DC’s? 

The author faced this problem earlier in the 
year when Intel delivered a boxful of MCS-4 parts 
on his doorstep. This article is the solution to that 
problem. It should interest a wide group of EDN 
readers for it represents about the lowest level 
and lowest cost approach to getting familiar with 
microprocessors. The approach had to be low 
level because the author has the sort of ‘“mechan- 
ical’ mentality that demands a direct, nonabstract 
interaction with machines. (‘You turn this knob 
and the music gets louder.’’) It had to be low cost 
because the author’s budget was limited. These 
constraints eliminated the usual, more elegant 
aids such as teletypewriter input/output, spare 
pROM’s ($60 each) and the equipment to pro- 
gram and erase them, debugging clip-ons, etc. 

Instead, the author used a simple 16-line diode 
ROM to simulate the usual pROM and did his 
programming by plugging in diode arrays that 
represented the instruction codes (Fig. 1). We'll 
call this diode ROM simulator the EDN/DRS (to 
distinguish it from the Intel SIM4-01 simulator 
assembly that it was used with—Fig. 1). The 
Spartan simplicity of the author’s approach has its 
good points. It gives almost anyone a working 
confidence that a machine like the MCS-4—which 
is not necessarily the easiest wP on the market to 
understand—can be understood and_ pro- 
grammed to do useful things. 


Circuit for EDN/DRS 

The EDN diode ROM simulator (Fig. 1) is shown 
schematically in Fig. 2. It is partitioned into three 
plug-in levels that we will differentiate as EDN/ 
DRS-1, EDN/DRS-2 and EDN/DRS-3. 

The EDN/DRS-1 level plugs into the .P’s PROM 
sockets. It picks up the lowest order four bits of 
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the 8-bit address in the typical 256 line by 
8-bits/line ROM’s used in many of today’s pP’s. In 
the MCS-4 system this is the least significant 4-bit 
group in the 4004 CPU’s program counter (PC) 
that the 4004 sends out at A, time slot in the 
master-machine cycle. It decodes these four bits 
with a CMOS Motorola 14514 4-to-16-line decod- 
er. The outputs drive the 2N2222 transistors for 
the ROM lines directly, using the CMOS outputs 
as current sources. (The author has been warned 
by Fairchild application engineer Peter Alfke that 
this is not good practice, for one never knows if 
the CMOS devices have been spec’d for consist- 
ent drive characteristics; however, it does work.) 

One advantage of this direct drive is that it is 
possible to insert either red LED’s with 1.6V ON 
voltage or green LED's with 2.6V ON voltage as 
indicators in the lines. As will be seen later, these 
LED’s are worth their weight in gold for they tell 
the user what is going on in the uP system. 

With the series LED’s it is a good idea to insert 
1k resistors between the transistor base inputs 
and ground. These resistors will help insure that 
the transistors turn off rapidly and don’t allow 
‘‘ghost’” ONE’s from one line to show up in the 
next. Speed-up capacitors around the LED’s may 
also help the simulator’s output waveforms. 

The EDN/DRS-2 level cards plug into the 
EDN/DRS-1 level board. These are the diode 
matrix itself, and they contain the sockets (AMP 
low-profile types) into which the level-3 diode 
arrays are inserted. The user can treat t’ic 
simulator as two groups of eight lines since the re 
are two arrays. This is handy when one want: tc 
change a program midstream. He can leave ‘4e 
program cycling in a software loop in one half, 
while he pulls out the other half to insert other 
instructions. This makes it possible to correct 
programs in mid-execution or go onto programs 
longer than 16 lines. 

The EDN/DRS-3 level is the actual diode arrays 
that code the machine. The author makes these 
up as instructions. He places the diodes in little 
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1d ROM of the pP. It gives the 

»f immediately trying out short 

ions to learn how the uP responds. The 

like increment the accumulator (IAC), 

‘9 the accumulator (LDM), rotate the 

ulator left (RAL) and then after each of 

1 subroutine (via the JMS) that will display the 
accumulator on an output port's LED's. The 


le tor pl gs into the sockets 


ion at the end of the subroutine then returns the 
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Fig. 2—The EDN/DRS circuit. Just four of the eight address inputs for the regular pROM are used. However, all eigit bits 
of the instruction code are delivered. A CMOS 4:16 decoder provides the address decoding, and 2N2222 transistors drive 
the diode matrix lines. The diode arrays plug into the matrix lines and “pull down” those output lines that are to be ONE’s. 
The circuit is partitioned into three levels, which are labelled EDN/DRS-1, -2, -3. 
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cardboard holders so they implement the ONE’s 
for the instruction (empty positions automatically 
represent ZERO’s) and solders their top leads to a 
common wire that leads to the collector of the 
line-driving transistors. Then he epoxies the 
assembly to make it a rugged plug-in module. 
Last, but really most important of all, he labels the 
top of the little modules with the mnemonic for 
the particular instruction it codes. 

A simple act of writing the mnemonics on the 
plug-ins (like IAC on the module in Fig. 2) effects 
a Cinderella-like transformation of the modules. 
No longer do you think of them as hardware 
circuits of diodes, or even firmware machine- 
language codes. The label transforms them in 
your mind into assembly-level software. You 
think of them as your written commands to the 
tiny 4004 CPU, telling it what you want it to do. To 
insure that your EDN/DRS-3 modules keep pro- 
viding this nudge to convert you to software 
thinking, put your mnemonic labels in big, bold 
letters on the top fold-overs of the paper carriers. 
Then they will still be visible when plugged into 
the EDN/DRS-2 sockets. 

The diode array for the MCS-4’s IAC or 
increment accumulator instruction plugs into the 
second ROM line in Fig. 2 (address 0001). The first 
line (address 0000) has no diodes plugged in. It 
presents a 0000 0000 code to the MCS-4 that the 
4004 CPU interprets as a NOP or ‘‘no operation” 
instruction. This is a handy feature of the MCS-4's 
instruction code from the standpoint of the 
EDN/DRS. It doesn’t hurt to leave lines empty, as 
the 4004 will just step past them without doing 
anything. You'll find some other code combina- 


tions that the 4004 will ignore as you work with 
this simulator. 


At first it was thought that Schottky diodes 


would be needed to guarantee low ZERO-level 
outputs from the EDN/DRS to insure proper 
interfacing with the following TTL 8234 mul- 
tiplexer on the Intel SIM4-01 side of the system. 
HP 5082-2833 Schottky’s were used and they did 
provide excellent low ZERO levels for positive 
pull-down of the TTL inputs. But subsequently, it 
was found that practically any type of silicon 
“computer” diode was adequate. As it easily 
takes hundreds of diodes to make up the 
minimum of several sets of modules needed for 
the MCS-4’s 45 instructions, one appreciates the 
economy of buying diodes in packs of 50 at 3¢ 
apiece vs. Schottky diodes at about $1 each. 

- The output signals of the ROM matrix are 
developed across the 10k resistors on the EDN/ 
DRS-1 board and sent back to the appropriate 
pins on the Intel 24-pin pROM socket. From there 
they are routed via the TTL multiplexer just 
mentioned to the 4004 CPU chip to complete the 
instruction-fetch cycle (time slots M; and Mz, in 
the MCS-4 wP system). 


Some practical hardware matters 


To fully understand the Intel side of the system 
you need to study their circuit for the SIM4-01, as 
shown on pgs. 62-67 of the ‘MCS-4 Users 
Manual” (Ref. 3). The EDN/DRS-1 can be plugged 
into any of the 24-pin pROM sockets of the Intel 
SIM4 development systems. The reader should be 
alerted that Intel has replaced the SIM4-01 system 
with newer prototyping board assemblies that use 
a pair of LSI/MOS circuits—the 4008 and 4009—to 
replace much of the TTL on the SIM4-01. 

According to Larry Goss at Intel who handles 
customer applications on the MCS-4, the nearest 
thing to the SIM4-01 that Intel now makes is the 
IMM4-42 board used in the Intellect-4 microcom- 
puter console. (Of course if you can talk your 
management into spending $2500 plus and buying 
the full Intellect-4 microcomputer and its acces- 
sories, you should not be wasting your time 
reading this article.) The IMM4-42 board is still 
fairly expensive, selling for $395 in singles. 

If you really do have a budget problem, you 
should consider getting ahold of the 4004 CPU 
that costs $60 in single quantities. Then, build 
your own minimum system around it to interface 
to something like the EDN/DRS, using TIL or 
CMOS. You should begin with the SIM4-01 circuit 
diagram and scratch out all the nonessentials. As 
a starter, scratch out the 4002 RAM’s as the 4004 
CPU has enough on-board registers to illustrate 
the execution of most of the instructions. Also, 
you can dispense with all the I/O except for one 


49 


output port that is needed to display the contents 
of the accumulator. Introduce the data needed to 
exercise the instructions via the EDN/DRS, as we 
will describe. Only one pROM socket is necessary 
for the EDN/DRS. Since you will be using only the 
lowest four bits of the program address from the 
4004's 12-bit PC, you will probably find you can 
greatly simplify the decoding and routing circuits 
for the pROM. You will, of course, need the 
clocks. Ref. 5 shows a CMOS clock for the MCS-4 
that seems simpler than Intel’s multiple one- 
shots. 

The author estimates that such a ‘‘naked-P” 
version of the MCS-4 built for introductory 
training purposes could be built for about $100 
parts cost. Admittedly, it would entail a certain 
amount of design and construction time and 
effort on your part. But if you planned to be a 
serious user of the MCS-4 in minimal systems, the 
educational value of the project could prove 
valuable. It would expose you to the art of 
attaining a balance between the universal flex- 
ibility of an “all-up’’ GP/DC system and the 
minimum hardware cost of a stripped-down (but 
adequate for the task) GP/DC system. 

By the time this article appears, Intel may have 
introduced the low-cost parts kits for its com- 
puters that has been in the planning stage for 
many months now. In the case of the MCS-4, the 
kit would consist of six MOS/LSI parts, one each 
of the 4004 CPU, the 4008 and 4009 interfaces, a 
4002 RAM, a 4702A pROM, and the 4003 I/O shift 
register serializer. It would be sold off distributor 
shelves for $99. The kit includes a representative 
circuit diagram to show purchasers how to put 
the parts together in a working system. Initially, 
the EDN/DRS could be substituted for the 4702A 
pROM in this system. 

Don’t let the current high prices for these wP’s 
discourage you. Someday we predict—and many 
in the industry agree—a part like the MCS-4 4004 
CPU will sell for $5. So get started now; if you wait 
until the 4004 is selling for $5, it may be too late. 
You can’t learn how to creatively use these 
machines overnight. 


What can you do with 16 lines? 


It will be assumed that you are working with 
a SIM4-01 board and that it has been plugged into 
an MCB-410 box that carries the RESET and TEST 
buttons and the I/O ports, with the output ports 
having LED indicators. It will also be assumed that 
you have supplied the MCB-410 with the required 
+5 and —10V power supplies. 

The EDN/DRS is plugged into the second 
PROM socket (Fig. 1), the other three sockets 
being empty. You clip its ground lead to some 
convenient spot on the SIM4-01 board, as the 
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Fig. 3—This is the sort of simple program you will want to 
employ at the outset to familiarize yourself with the pP’s 
instructions, one by one. Here you are investigating what 
happens with the IAC or increment-the-accumulator instruc- 
tion. You plug the diode array for this instruction into line 1, 
and then you use the remaining four instructions to display 
what happens on the LED indicators at an output port. 


pROM socket has no pin carrying ground. 

When you first turn on the power supplies (in 
any order), the only indication of system opera- 
tion is a dim glow on all the LED’s in the ROM 
drive lines. They will be dim because they are 
being driven at 1/16th duty cycle (if you’ve wired 
in the pROM “chip enable’”’ to the CMOS 4:16 
decoder, they will be even dimmer because then 
the socket is activated only 1/16th the time). At 
this time push the RESET button. This will supply 
(via a one-shot) a pulse long enough to clear all 
the 4004 registers (Ref. 3, pg. 10). The MCS-4 does 
not have an automatic reset upon power up. 

The first thing you will want to do is introduce 
some data into the 4004 accumulator and then 
read it out to prove to yourself that it was actually 
introduced. It never hurts to crawl a bit before 
you walk and run. The classical way to introduce 
data into the computer is via the input ports. You 
can do that, but at this primitive stage of things, a 
much more direct way to introduce data is via 
code in the EDN/DRS. 

There are a surprising number of MCS-4 
instructions that will inject data into the 4004 
CPU: LDM, FIM, IAC, DAC and even BBL. A good 
one to use is IAC which increments the accumu- 
lator. It was shown plugged into ROM line 1 in 
Fig. 2. An advantage of IAC is that it will cause a 
change each time its ROM line is addressed. 
Therefore, you have a way of knowing if it is being 
fetched and executed by the 4004 CPU. 

However, just plugging the IAC code into the 
EDN/DRS will be meaningless. It may have caused 
the 4004’s accumulator to increment—it may not. 
There is no way for you to know. You have to 
make the 4004 read its accumulator contents out 
on one of the output ports so you can look at it. 
The instructions to do that are shown following 
the IAC in Fig. 3. 

In each case the ONE’s in the code represent 
where diodes should be placed. The SRC com- 
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mands the 4004 CPU to tell the outside world 
which port it wants to address. The RRR bits of the 
generalized SRC code select a pair of 4004 


registers and send their contents out. To save. 


diodes it’s expedient to let RRR be 000. This sends 
out the 0” pair. As you have just applied the 
RESET you can assume the contents of the “0” 
pair will be 0000 0000, so a ‘‘0’’ port will be 
addressed. Actually, SRC is used to set up 
addresses for both external RAM memory and I/O 
ports. It won’t be until the specific data- 
movement command is fetched that the system 
will know to what use to put the information sent 
out by the SRC. | 

The WMP instruction plugged into ROM line 3 
provides the specific command. It tells the 4004 to 
copy out the contents of the accumulator on the 
data bus and also sends out the strobe pulse that 
latches the data into the previously-addressed (by 
SRC) RAM port. Confusing, isn’t it? But the beauty 
of the little ‘““mechanical’’ EDN/DRS is that you've 
reduced the abstractions of the MCS-4 manual 
into little jigsaw pieces you can hold in your 
fingers. You can put them together this way and 
that until the way the system plays and the way 
you think it should play come into agreement. 


“Stopping” the clock 


With the completion of the WMP instruction, 
the 001 in the accumulator also will be displayed 
on the LED’s of RAM output port “0.” But you 
won't see it. Instead, you'll just see a dim blur on 
all the port ‘0’’ LED’s. The MCS-4 is a dynamic 
system that runs continuously, and its 12-bit PC 
counter just keeps counting and loops around 
back to the starting address of the EDN/DRS (line 
0000) and on to one IAC after the other. Though 
the MCS-4 is not a particularly fast wP, it still only 
takes 10.8 psec/machine cycle (ROM line). Thus, 
even if it had to go through all 4096 machine 
cycles on every loop, it could do so at a rate of 44 
msec that would not produce a visible flicker on 
the readout LED's. : 

To stop this endless cycling through IAC’s, you 
plug in the JCN instruction in ROM lines 4 and 5 
(Fig. 3). This JCN is one of the MCS-4’s two 
decision instructions. The least significant four 
bits in its first line sets up tests for the 4004 CPU to 
make. The second line tells the 4004 where to 
direct its PC to fetch the next instruction. The 
ONE bit in the least significant bit of the first line 
tells the 4004 to check the TEST line. If the TEST 
button has not been pushed, the address for the 
next instruction-fetch from the ROM is to be that 
given on the second line of the JCN, or 0100. This 
will loop the program back to the first line of the 
JCN, effectively stopping the dynamic MCS-4 
from going on to following ROM lines. : 





Fig. 4—Your conversion to software comes when you think o 
the EDN/DRS-3 instruction plug-ins not in terms of their diode 
arrays (hardware), but in terms of their mnemonic labels 
(software). 


With the EDN/DRS it is very easy to see this JCN 
loop, for the LED’s at lines 4 and 5 will be glowing 
brightly. We’ve seen no computer display con- 
sole, big or small, that does such a straightfor- 
ward job of telling a human observer where the 
machine is at. You should use a loose diode for 
the second line of the JCN so you can poke it in 
and out of several of the holes and watch the loop 
expand and contract accordingly—that’s the sort 
of instantaneous learning feedback that makes 
the operation of a pP ‘’come alive.”” It doesn't 
hurt the MCS-4 to change diodes while the 
machine is operating. 

Now suppose you push the TEST button; what 
happens? The output port will instantly change to 
the next count or 0010. Obviously, you've re- 
leased the MCS-4 from the JCN loop, and it runs 
back around through another IAC and is stopped 
by the JCN again. The two LED’s at lines 4 and 5 
won't even flicker as the run will take just 14 
machine cycles. 

Fourteen pushes of the test button will produce 
1111 in the accumulator, and the fifteenth push of 
the TEST button will produce 0000. At this point 
there will be a ONE in the 4004's carry FF, but you 
won't be able to see that with this simple readout. 
You’d have to insert a RAR for a right shift before 
the WMP to see that. : 

What else can be done with this most ele- 
mentary little 5-line routine? The JCN is able to 
command the 4004 to make multiple tests simulta- 
neously. If its CCCC code is 0101, it will have the 
4004 not only check the TEST line, but check 
whether the accumulator content is ZERO. When 
the first line of the JCN is 0001 0101, the system 
will start off behaving as before. The readout at 
port “0” will initially be 0001, and it will count up 
by ONE each time you push TEST. But when the 
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readout shows the accumulator has gone to 0000 
at the fifteenth push of TEST, you will find that 
from then on the TEST button will not be able to 
release the JCN loop. The additional condition, 
“jump if accumulator content zero,” overrides 
the release of the TEST condition. 


Plan a study program for yourself 


With an EDN/DRS-type setup, you'll find you 
can embark on a painless little self-study program 
on whatever uP you elect to become familiar 
with. The author foresees no obstacles in apply- 
ing the EDN/DRS to other pP’s beyond such 
minor modifications as changing the ROM socket 
pinouts and possibly slowing down the clock. The 
instantaneous plug-in programmability of an 
EDN/DRS-type setup makes it an ideal self- 
teaching aid for the weary engineer at the end of 
the day. 

Ideally, you should have such a setup in your 
own home, where you can go to it “asynchro- 
nously,’”” and spend as little or as long a time in 
each session as you can. The author has found 
that useful results can be obtained in sessions as 
short as five minutes, but typically you become so 
engrossed in your “‘conversation” with your little 
teacher that hours fly past before you know it. 

The curriculum you outline for yourself ought 
to be based on three progressive levels of study. 
First, you should work your way through the pP’s 
instruction set, instruction by instruction. For 
each instruction you first should devise simple 
routines (as we did for the IAC in Fig. 3). Then, 
devise more complex variations of those routines 
to answer all the questions that will come to mind 
about what the wP does as it executes that 
command. Keep a notebook as you go, describ- 
ing in detail the pP’s behavior for each code 
combination, and listing any questions that are 
left unanswered. (/f the wP supplier. can’t answer 
your questions, send them to EDN. We are 
planning a “uP Clinic’ column that will be 
devoted to tracking down answers to knotty wP 
application problems.) 

Second, after becoming reasonably familiar 
with the wP’s instruction set, try your hand at 
writing basic subroutines. Make a habit of collect- 
ing subroutines you find in the literature and 
filing them in some organized fashion. This will 
be the start of your software library. See if you 
can’t implement them on the EDN/DRS. The 
author has found that the jist of most subrou- 
tines—BCD counting, time delays, analog-to- 
digital conversion in conjunction with external 
ladders and comparators, list searches, etc.— can 
be squeezed into the 16 lines, one way or 
another. 

Third, learn how to assemble your subroutines 
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into useful complete application programs. Now, 
you'll feel the pinch of EDN/DRS’s 16-line limit. 
Yet, you can put in two brief subroutines on the 
second half card of the EDN/DRS-2 level and then 
put the JMS jump to subroutine commands on 
the first half. So what if your subroutine house- 
keeping commands take up more lines than your 
actual application instructions; you are using this 
to learn. Besides, the very limitation of 16 lines 
will give a discipline to your self-education that 
will make you a more efficient programmer in the 
future. 

As you progress up this 3-step ladder, you can’t 
help but absorb the “psychology” of software 
hierarchies. The EDN/DRS can help you here too. 
Suppose you find that you keep using a certain 
set of instructions over and over again. You 
decide to hardwire the diodes for that into one of 
the EDN/DRS-2 level cards. Then it strikes you 
that it would be handy to put a “macro” 
mnemonic label on it, thus you invent aterm. You 
might wire up the accumulator readout of Fig. 3 
and call it ACCOUT, or you might wire up a 
1-msec time delay and call it MILSEC. 

From then on, whenever you need one of these 
functions, you won't stop to re-create it line by 
line, but will simply reach over to your ‘software 
parts’’ drawer and pull out an ACCOUT or 
MILSEC. It then becomes self-evident why there 
is such intense interest in higher-level software. 

The door that something like the EDN/DRS can 
start opening for you leads to a very big universe 
indeed. Similar to those cartoons, where a door at 
the end of a room opens to celestial space, no 
one knows where it ends. oO 


Ed note: 

Readers interested in the particular EDN/DRS 
described here can write to the author, care of 
EDN, for a rough copy of the PC board layouts 
and construction hints on the plug-in modules. 
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SIX NEW SWITCHERS. LET US SHIP YOU SOME. 





7 \t’s a Small celebration to launch six new models in our switching power supply | 
es ‘series: five 150 watt units and a 750 watt unit. From us: ACDC Electronics, Inc. 
”” Manufacturers of proven, reliable DC power supplies. The new JP switchers offer the | 





latest in technology. Small, cool and efficient, they pack more watts per cubic inch than j 
conventional pass-type supplies. These 20 KHz inaudible switching power supplies 
operate from a selectable input of 115/220-230 VAC 47-63Hz (100 VAC also available). 

. Overvoltage and overload protection is standard. EMI is minimized by shielding and | } 
_ filtering. Low inrush turn-on for soft start. Units can be paralleled for higher current | 
requirements. Don’t miss the boat. Just circle the reader service number. Or if you’d | : 

k - like information on ACDC’s complete line of DC power supplies, fill out the coupon 

or write to us on your company letterhead. We’ll send you our 1974 product and . 

4 i application guide. | | 
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NY Ee Stable Trimmers 


ttt 


Small Duals 
Rugged mele 


serious about cost, 
be serious about quality. « 


Type FD trimmer. Type GD pot. Ideal 
variable resistors for CATV attenu- 
ators. Or any Bridged-T or L pad 
application requiring minimum size, 
stability and long life in severe en- 
vironments. Exclusive hot-molded 
composition resistance elements 
permit peak set-ability. Diameter 1/2 


Actual Size 





inch (12,70 mm). Immersion-sealed 
(can be potted). Standard resistance 
values from 100 ohms to 5 megs and 
many popular impedance values. 
Single turn. For complete technical 
details request Publication 5231 (FD 
trimmer), Publication 5213 (GD po- 
tentiometer), Publication 5221 (FD/ 


Ny 


Circle No. 33 


GD attenuators). Allen-Bradley Elec- 
tronics Division, 1201 South Second 
Street, Milwaukee, Wisconsin 53204. 
Export: Bloomfield, New Jersey 
07003. Canada: Allen-Bradley Cana- 
da Limited, Cambridge, Ontario. 
United Kingdom: Jarrow, County 
Durham NE32 3EN. 


Allen-Bradley 


Milwaukee, Wisconsin 53204 





Quad linear contest winners 
show high degrees of creativity 


EDN and National Semiconductor had great difficulty judging winning 
entries. All were top caliber. Here are the best of the best. 


Art Fury, National Semiconductor Corp. and Walt Patstone, Managing Editor 
Purpose of the National Semiconductor/EDN 


i quad linear contest was to stimulate creative 
3 thought in a new channel. We wanted to demon- 


The complete list of winners 


ot : : ; Place Prizes Winner Company Design 
strate that a quad linear device was not just four ae 
op amps or four comparato rsinasin gle pac kage : 1 Panasonic 4-channel M.G. Strange Goddard Space Ctr., Staircase Calibrator 
3 : ee 3 Entertainment Greenbelt, MD 
but a completely new ‘‘function.’’ As such, it System 
should open up many new applications that ft W.J, Renison, Jr. Sanders Associates, Inc. TTL Logic Pen 
ld be entirely i tical if only individual [oe 
the salieri ; ah sa siiascatad 4 bland ian. <a V.R. Godbole North Electric, Video Sync Processor 
evices were aval ab e. | dent Portable Galion, OH [ 
Response to this challenge was extremely 4 Color TV's R. Tenny Texas Instruments, Programmable 
E f ; a ah a | Dallas, TX Power Supply 
grat ying. Our g0a Ss were exceede eyon our 5 F.W. Colver Seymour Instruments, | Rotory Pulse Encoder 
highest expectations. We greatly appreciate the —_ vege 
6 B. Krli Wauwatosa, WI Heart Rate 
efforts of all who entered. - Werhina Bevice 
7 L.A. Stovall Caldera Enterprise, __-- >Waveform Generator 
Los Alamos, NM for dc Motor Control 
8 Garret ‘Incredible L.M. Richey Matric, Low Power 
Time Machine”’ Franklin, PA Battery Operated 
Clock /Calculators Keyer 
9 J.T. Heizer Narco Avionics, N-Bit, 
Ft. Washington, PA Self-Correcting 
: A/D Converter 
10 A.E. Ripingill, Jr Cubic Industrial Corp., | Frequency/Phase 
San Diego, CA Meter 


Judging was a pleasant and exciting task, but 
one made extremely difficult by the variety, 
quality and originality of the entries. NSC applica- 
tion engineers performed the yeoman work of 
narrowing the field considerably and testing all 
circuits qualifying as finalists. EDN editors then 
carefully considered each qualified design and 
determined the official outcome. The race was 
indeed a close one. 

So—What can you do with a quad linear IC? For 
your inspiration, we are pleased to present the 
top five circuit designs. If they stimulate your 
thoughts, then we are all winners.O 





Everybody wins when four linear devices are packaged in a 
single 14-pin DIP. Cost and space savings make feasible a 
myriad of new applications. 


Staircase calibrator features 
excellent stability 


Maxwell G. Strange : 


This unique circuit (Fig. 1) generates asingle, very for amplitude calibration of FM tape recorders or 


accurate staircase sequence every time it is 
triggered. The number of steps, step height, and 
stepping rate are easily set up. One application is 


telemetry systems. High stability (+0.2% from 0 
to 50°C) is achieved with a circuit arrangement in 
which the drift characteristics of two similar 
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(STEP HEIGHT TRIM) 
R, D, 
100k 1N4153 





27.4k, 1% 3 1N4153 


+13.5V 
roe | 1 
i 
(~15mSEC) + ~0.5 SEC 


+13.5V DURING 
STAIRCASE) 










TRIGGER 
OV 


STAIRCASE 
OUTPUT 
(0.250V/STEP) 


NOTES 


A, THRU A,: LM324 
RESISTORS: %W, 5%, EXCEPT AS 
NOTED 
C,, C,: SAME TYPE (SEE TEXT); 
“MYLAR” OR POLYCARBONATE. 
R,: ADJUST FOR LOWEST OUTPUT 
DRIFT WITH R,OPEN. 


SW. OUTPUT 
3:3k 2 
(NORMALLY —15V; 100k = 


RESET LEVEL 


O MANUAL 


TRIGGER 
ce 


Fig. 1—As long as ratio of C, to C, is maintained, step heights remain constant. Excellent matching of bias currents allows A, to 
effectively sink input current of A,, so even long staircase steps remain level. Circuit stability is +0.2% over 0 to 50°C. 


capacitors cancel. The calibrator, once triggered 
by either a pushbutton or a logic pulse, generates 
250 mV steps from 0 to +5V (21 levels) with a 
dwell time of about 0.5 sec, as shown by the 
recording (Fig. 2). 

The 4 sections of an LM324 quad op amp are 
used as pulse generator, integrator, comparator/ 
bistable switch, and bias compensator. In the 
circuit’s “‘resting’”’ state, the staircase output is at 
ground and comparator/switch A;’s output is at 
—15V. In this state, A; inhibits pulse generator A, 
via the path through diode D,. It also holds FET Q, 
ON, keeping the output of operational integrator 
A, at ground. When a trigger pulse is applied, A;’s 
output switches positive, activating pulse gener- 
ator A, and turning Q, OFF. 


Take it a step at a time 


Staircase generation proceeds as follows. 
Whenever a negative-going pulse from A, is 
applied to the gate of FET Q,, C, is charged by an 
amount: 

15t 


AV. = RC, 


~ 
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HORIZONTAL: 0.5 SEC/DIV 
VERTICAL: 0.1V/DIV 


Fig. 2—0 to +5V staircase contains 21 levels in 250 mV 
increments. Apparent slight deviations are due to strip-chart 
recorder nonlinearity. 


This creates an output voltage step. Between 
steps, A, holds the charge on C,, and thus the 
output level, constant. When the staircase ampli- 
tude exceeds a voltage threshold determined by 
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HORIZONTAL: 1SEC/DIV 
VERTICAL: 0.2/VOLT/DIV 


Fig. 3—Increasing C, to 8 uF produced this 0 to +8V staircase 
containing 5 levels in increments of 2V.RESET LEVEL POT was 
set for just over 8V, while STEP HEIGHT TRIM was adjusted for 
exactly 2V. 
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HORIZONTAL: 1SEC/DIV 
VERTICAL: 0.2V/DIV 


Fig. 4—To get this 41-level staircase, C, was changed to 0.8 pF. 


the “‘reset level’ trimpot, Aj’s output switches 
negative, returning the circuit to its stable resting 
state. The circuit cannot latch in an inoperative 
mode. 

The unique feature largely responsible for this 


circuit’s excellent stability is the fact that step — 


heights are not affected as long as the ratio of C, 
to C, is maintained. If C, increases, pulse width 
increases proportionally, increasing C,’s charging 
time. However, if C, increases by the same 
percentage, the charging slope is reduced, leav- 
ing step height unaffected. Thus, if the tempera- 
ture coefficients and aging characteristics of C, 


and C, are the same, no error will result from 
capacitor drift. 

Although dual supplies are needed, the special 
features of the LM324 are used to advantage. 
Since the outputs go virtually to —Vec, Q,’s gate 
can be coupled directly to A,. The excellent input 
bias current matching between amplifiers in a 
given quad enables the fourth amplifier to 
effectively sink the input current of the in- 
tegrator. This keeps integrator drift very low in its 
“hold’’ mode. As a result, long staircase steps 
remain level. If R, is trimmed for exact bias 
cancellation, a drift of only a few millivolts per 
minute can be achieved. 


Go up either the ramp or the stairs 

Duty cycle of the pulse generator is approxi- 
mately R./R;. On-off control is arranged so that a 
“zero” level is always included at the beginning 
of the staircase. The “switch output” is often 
useful in a system connection to switch the 
staircase onto a data line. A, and A, could be fast 
comparators, but op amps perform equally well 
here since fast switching is not required. Sensitiv- 
ity of step level to power supply voltage is about 
3% /volt for the positive supply and much less for 
the negative supply. For best long-term stability, 
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Fig. 5—Need a single ramp? Circuit of Fig. 1 is easily 
converted. In the process, op amp A, becomes available to 
provide a complementary output. 
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Fig. 6—With R = 5 MQ, C = 3 uF, the output of the ramp 
generator of Fig. 5 looks like this. 








power supplies should be regulated and low-drift 
resistors used where 1% units are specified. 

Figs. 3 and 4 indicate circuit flexibility. These 
outputs were obtained by merely changing the 
value of C, and resetting the trimpots. | 

Application possibilities for this design are not 
limited to staircases. Calibration sources often 
need accurate ramps. One example is the genera- 
tion of very small currents by the ‘‘ramp- 
capacitor’ method to check electrometer am- 
plifiers. Fig. 5 shows a rearrangement of the basic 
circuit which generates a single, precise ramp 
when triggered. Since the pulse generator is not 
needed in this modification, A, becomes free to 
serve as an output inverter. Thus complementary 
ramps can be made available. Slope sensitivity to 
supply voltage is only 0.3%/V. O 


Logic pen is small, but effective 


William J. Renison, Jr. 


This TTL logic pen (Fig. 1) uses a single LM339 
quad comparator, performing multiple functions, 
as its only active component. It features a high 
input impedance and can detect single pulses 
greater than 100 nsec wide. 

A diode chain generates reference voltages for 
A, and A,, the ONE and ZERO level detectors. 
Indicator LED’s tied to the outputs of these 





comparators are driven at approximately 10 mA, 
providing adequate illumination. Acommon load 
resistor prevents both LED’s from being ON 
simultaneously. 


Catch that pulse! 


Comparator A; is an ac-coupled pulse amplifier 
whose input is OR’d from A, and A,. Whenever 


Fig. 1—Pulses >100 nsec wide are caught by this circuit and displayed by the ‘‘PULSE”’ LED for approximately 0.3 sec. A, and A, are 
used as level detectors/LED drivers; Aj, aS a pulse amplifier; and A,, as a one-shot. 
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Fig. 2—Built aside a dein. ID psiclas tube, the logic pen 
was covered with black heat-shrink tubing (except around 
LED’s) after this photo was taken. To improve performance, 
use low capacitance protection diodes and add a ground clip 
on pen body. 


the logic level changes, A; illuminates the ‘‘pulse’”’ 
LED. More importantly, however, A; simultane- 
ously drives the noninverting input of A, nega- 
tive. Thus, A; becomes a 1-shot multivibrator, 
maintaining the illumination of the “‘pulse’’ LED 
for approximately 0.3 sec. The exact ON time 
period is determined by the time constant of the 





RC network connected between A,’s output and 


its inverting input. 

The prototype logic pen was built in a 1/2-in. ID 
Plexiglas tube (Fig. 2). After the photograph was 
taken, the tube was covered with black heat- 
shrink sleeving, leaving only the indicator LED’s 
exposed. 

Simple improvements should make this circuit 
capable of catching pulses even more narrow 
than 100 nsec. In particular, the input protective 
diodes could be replaced by low-capacitance 
types and a ground reference clip added to the 
pen body. 


Single quad comparator yields 
complete video sync processor 


V. R. Godbole 


The ability of an LM339 quad comparator to 
operate from a single power supply plus its 
medium speed capability are used to advantage in 
this video sync processing circuit. Purpose of the 
circuit is to separate the composite sync informa- 
tion from the composite video signal, then to 
further separate the composite sync signal into its 
horizontal (15.75-kHz rate) and vertical (60-Hz 
rate) components. These components are used to 
phase lock the horizontal and vertical oscillators 
in the video system. 
Fig. 1 shows the system block diagram; Fig. 


the schematic; and Fig.3, pertinent waveforms. 


Slicing the video 


Referring to Fig. 2, observe that transistor Q, 
inverts and amplifies the input video signal. Qa, 
an emitter-follower stage, feeds diode D, that 


clamps the inverted video to one diode drop | 





AMPLIFIER 
EMITTER 

FOLLOWER 
(Q,,Q,) 


QUAD COMPARATOR 
CIRCUIT 


above ground. Voltage divider Ry and Ryo, in 
conjunction with diode D,, bias the negative 
input terminal of comparator A, at about one-half 
diode drop above ground. Therefore, in the 
absence of a video signal, A,’s output is HIGH. 

During video portion of the signal, A, normally 
switches LOW, except during the sync period. 
The sync pulse causes the noninverting (+) input 
of A, to be driven more positive than the inverting 
(—) input, so the output switches to HIGH during 
this period. Thus, A, slices the video signal at 
approximately the midpoint of the sync ampli- 
tude; i.e. the output is a positive-going com- 
posite video signal. 

Ri. and C, integrate this sync waveform. The 
time constant is chosen so that the output of A, 
switches LOW only during the vertical interval. 
R,;, which provides feedback and Schmitt-trigger 
action, is chosen so that A,’s output will remain 


Fig. 1-—After composite sync information is separated from the composite videg, the horizontal and vertical rate signals are 


separated from the composite sync. 
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LOW until the end of the vertical interval. As a small enough to be discharged completely before 
result, the output of A, is the negative-going A, switches HIGH, charges through R.3 and 
vertical rate component. switches Ay LOW when the trip point is reached 


MAS ny (~50 usec). Only after Ay goes LOW is the input 
Eliminating the 2x component ready to accept the next sync trigger. 


A; and A, are connected as a nonretriggerable The nonretriggerable action of the A3/A, one- 
1-shot multivibrator with a time constant of about — shot eliminates the 2X horizontal rate component 
3/4H (~50 wsec). The differentiated positive sync present in the sync signal during the vertical 
trigger switches A; LOW. C, then discharges interval. Thus, the output of A, is the positive- 
rapidly to zero, A, switches HIGH, and feedback _ going horizontal rate component, completing the 
Via Ro, causes A; to return to HIGH. C;, chosen __ necessary signal separations. 
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Fig. 2—Nonretriggerable one shot formed by A; and A, develops the positive-going horizontal rate component. Feedback gives A, 


some Schmitt-trigger action. Complete processor takes advantage of LM339’s medium speed capability and single-supply 
operation. 
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(TYPICAL VALUES) 


W, = Susec 
W, = 2,5usec 
W, = 28usec 
H = 63.5usec 
W, = SOusec 


Fig. 3—Waveforms tell the story of circuit operation perhaps better than words can. 
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Voltage and current programmable 
power supply offers high resolution 


Ralph Tenny 


The specifications for this versatile programmable 
power supply are listed in Table 1. Actually two 
versions are offered. The basic model is both 
current and voltage programmable. The alternate 
circuit substitutes current limiting for current 
modulation capability. 

Referring to the schematic diagram (Fig. 1), 
observe that A, generates the master voltage 
reference. Basically, the entire circuit except the 
current modulator tracks this section’s 0.01%/°C 
drift. For greater stability, a reference zener 
should be used in place of the 1N752 shown. 

A, buffers the 10k control pot. It also provides a 
stiff drive point for input B’s external voltage 
drive. This makes possible precise voltage ratios. 

Amplifier A;, plus outboard pass transistor Q;, 
sets the output voltage at twice the value 


IN752 


MANUAL 
VOLTAGE 
ADJUST 





INPUT 


CURRENT 10k 





¥ CURRENT 
DRIVE 


MODE 





NOTES: 


_R,, R,= MATCHED PAIR 

_ ADJUST R, FOR 10V ACROSS R 

R, (MANUAL VOLTAGE ADJUST POT) = 10k, 

10—TURN POT WITH COUNTER DIAL 

4. SELECT VALUE OF R, FOR 1mA READING ON METER 
WITH 1A OUTPUT. 

5.A,—A,: LM 324 


WNo 


oe eee oo ae 
ih ae eS Psa 
ee eae 





HORIZONTAL: 200usec/div 
UPPER TRACE: 10mV/div 
LOWER TRACE: 2V/div 


Fig. 2—A 500 mA load pulse at PRF of 15 Hz is shown on lower 
trace. Upper trace is output at 10 mV/div. sensitivity. Not 
visible is 2 usec wide, 20 mV p-p spike coincident with rising 
edge of load pulse. 











tVoc 
Vee Y 
OA OC # 
5 4 
> ee 
1k 6 UN 2N3054 
1k 

& Ey 

PROGRAMMING 10k 
DRIVE 

F CONNECT +V A 
| toc 
: | 
| | 
: | 

| 
| | 
| Eo | 
| | 
| 
| 
I | 
| 
| 
ALTERNATE \ 

OUTPUT 

! CURRENT CIRCUIT | 
LIMIT ADJUST (WITH CURRENT | 
LIMIT) 
| z = | 


Fig. 1—Current-limit protection can be substituted for current programmability if A; and A, are used as indicated in the 
ALTERNATE OUTPUT CIRCUIT diagram. For critical applications, substitution of a reference zener for the 1N752 will decrease the 
supply’s drift. 
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Fig. 3—Output ripple is low. Upper trace is. 10V output with 
500-mA load. Lower trace is input ripple—approximately 600 
mV p-p. 





Fig. 4—Slew rate exceeds 0.6V/j,sec, as lower trace shows. 
Upper trace is the 10 kHz square wave applied to the voltage 
drive input. 





Fig. 5—Load regulation is better than 0.02%, from 0 to 1A. 
Lower trace shows a 20 kHz, 25 mA p-p load current imposed 
on a 17 mA dc load. Upper trace shows resulting output 
voltage ripple. 





appearing at point C. Thus, with a reference of 0 
to 10V, output range is 0.5V, min.; 20V, max. If 
adequate heatsinking is maintained for the pass 
transistor and a 3V min. instantaneous drop 
across it is provided, this supply will deliver the 
full rated 1A current over 0 to +60°C. 


A, has two possible uses 


The fourth section of the LM324 can be used in 
either of two ways: as a current modulator (that 
must be fed at point E from a current source of 
10V min. compliance), or as a current limit/meter 
drive circuit (as shown under “ALTERNATE OUT- 
PUT’). The latter is self explanatory, but the 
former needs discussion. 

The current modulator has two operating 
modes. With point F (the noninverting input of 
A,) connected to point A (the output of A,), an 
external current source or current sink can be 
connected to input E. A source will decrease the 
output voltage, while a sink will increase output 
above the manual pot setting. 

With point F tied to common, output voltage 
will be 1/2 the manual pot setting and an external 
current sink connected to E will cause increased 
output voltage. In this configuration with the 
manual control set to zero, input current from 0-2 
mA will sweep the output to 20V. 

Figs. 2-5 show scope traces of various perfor- 
mance parameters. 


Rotary pulse encoder features 
quadrature gating, LED indicator 


Frank W. Colver 


In this circuit, two LM324’s amplify, shape, gate 
and buffer the signals from a pair of photoheads 
that provide quadrature signals from a rotary disk 
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shaft encoder. Quad amplifiers were used be- 
cause of the low level of common mode voltage at 
the inputs of A,-A;. Of course, they also keep the 
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HEAD-—A ENCODER 


DISCS 


TIME 
_—_> 
A aw OV 
— +10.5V 
C OV 
C +10.5V 
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O COM 


Single LED serves a dual function. Either of the two brightness levels indicates the presence of +12V, buta fluctuating brightness 
indicates an output signal when the encoder is turned slowly. Quadrature gating prevents spurious outputs. 


physical size of the encoder small. 

Operation is from 12V because the circuit was 
used with a CMOS system. If resistor values were 
changed, the encoder would work well in a 5V 
system. 

A, and A, are high-speed current amplifiers for 
phototransistors A and B. Feedback is 100% when 
diodes D,, D,, D3; and D, conduct. This permits 
the phototransistors to operate with no voltage 
change across them, thereby increasing speed. 

A, and A, are used as comparators. They 
generate logic-level square waves from the 1.2V 
p-p signal outputs of A; and As. 


An ounce of prevention... 


Spurious outputs from the encoder during the 
on/off transition of the phototransistors can cause 
serious system difficulties. A quadrature gating 
scheme prevents such problems. An output 
change occurs only when the outputs of A, and A, 


are the same polarity. The encoder output does 
not change when A, and A, go from equal to not 
equal. 

This gating and latch function is accomplished 
by using R, and R; as an analog AND gate feeding 
into A;. Since A;, Ry, Rz and Rg are connected as a 
Schmitt-trigger circuit, A;’s output cannot change 
state until inputs A and B are simultaneously 
either ZERO or ONE. 

A, and A; output buffers provide both true and 
complement outputs and isolate A; from the 
output cable. This prevents loading and noise 
triggering of the Schmitt trigger. | 

The visible LED driven by Ag serves both as a 
power indicator and a signal indicator. There are 
two brightness levels, either of which indicates 
the presence of +12V. But modulation of the 
brightness shows the presence of an output 
signal when the encoder is turned slowly. 
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BOURNS 
trims more 
circuits 
than 
anyone 
elseinthe / 
world! 















here’s why... 


NOBODY KNOWS MORE ABOUT ~ 
TRIMMERS THAN WE DO 


Marlan EK. Bourns, President of Bourns, Inc., 
invented the modern miniature TRIMPOT® 
trimming potentiometer. This company 
pioneered the industry, and has maintained its 
leadership position for over a quarter of a century. 


WE GIVE YOU WHAT YOU NEED 


Bourns has the broadest line of trimming 
potentiometers in the industry. We produce 
just about any type, shape, size, style you’re 
likely to need. We make them more readily 
available via a large factory inventory ... and 
91 stocking distributors. 


Ready to simplify your specifying? Standardize 
on Bourns ‘““Top Twenty”’. .. they cover 90% 

of your application requirements. Write for our 
Top Twenty Designer’s Portfolio. 


YOU CAN DEPEND ON BOURNS 


Trimming potentiometers are the most cost- 
effective method of adjusting, regulating and 
controlling circuits . . . and they will remain _ 
so for the foreseeable future. Bourns is the ¢ 

most capable, straightforward and reliable * 
supplier of trimming potentiometers. 
Depend on Bourns. 
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QUALITY, SERVICE, VALUE — Bourns is No.1 
: ... you can depend on it! 


BOURNS, INC.. TRIMPOT PRODUCTS DIVISION * 1200 COLUMBIA AVENUE, RIVERSIDE, CALIFORNIA 92507 


Electronic Component 
September 1974 


Leadtime Index 





LEADTIME IN WEEKS 
MIN. MAX. TREND 


LEADTIME IN WEEKS 
MIN. MAX. TREND 


CAPACITORS RESISTORS, FIXED 
Ceramic 8 25 ee Composition 5 13 + 
Electrolytic Dep.-carbon & carbon-film 12 21 Cd 
aluminum 11 33 * Metal-film S 23 cod 
tantalum 10 2g = Wirewound i 16 + 
Film 7 Wf * 
Mica 6 20 >. RESISTORS, VARIABLE 
Paper — i 1S * Nonwirewound 
Trimming 5 A > nonprecision 2 11 s 
precision 4 14 = 
CONNECTORS | Trimmers A 12 = 
Coaxial . 4 « Wirewound 
Multipin circular nonprecision 2 10 
high-density 10 16 8#6« precision > 26 
standard 7 1 = trimmers 2 8 
Printed-circuit 6 14 * SEMICONDUCTORS 
Rack & panel 6 12 = FET’s B40 . 
Power rectifiers S 1 + 
INTEGRATED CIRCUITS Power transistors 5 35 + 
DEL 13 «25 a SCR’s & triacs 6 15 2 
ECL 2 15 * Silicon switching transistors 6 14 * 
TIL 1, 2 a Switching diodes 9 21 cd 
io 8 20 ” Zeners 6 16 * 
CMOS 6 67 s 
Op amps (monolithic) 5 18 = SWITCHES 
Voltage regulators 5 6 = Lighted pushbutton 6 ig 
Pushbutton S i os 
PACKAGED CIRCUITS Rotary — & 2 Pe 
Digital logic 9 18 Snap-action Jie os 
Op amps (hybrid & discrete) 8 6 
| FANS & BLOWERS S 25 a 
PRINTED CIRCUITS 
Multilayer | 9 18 - FRACTIONAL H.P. MOTORS 8S 25 one 
Two-sided 6 i s 
WIRE & CABLE 8 © » 
RELAYS 
Crystal-can @ 1 | PANEL METERS 61. « 
Reed 7 4 2 
G |. 6 10 = 
A oat so LIGHT-EMITTING DIODES 4B fe 
Telephone 8 2 . 
Solid-state 5 10 > READOUTS & DISPLAYS S Y o 


Leadtime index information is derived from a questionnaire completed by a select group of Electronic Purchasing 
Magazine’s readers: purchasing managers, buyers, distributors and manufacturers. To allow for printing, publishing and 
mailing time, the questionnaires must be submitted at least two months prior to publication—leadtimes are therefore based 
on recent, but not absolutely current, figures. The leadtime figures shown are averages and represent the amount of time | 
required if a vendor had to allocate manufacturing time to your request. Naturally, in each category popular items may be 
more scarce than less popular ones. Likewise small orders might be processed faster than large ones. 
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BeNi...Easy Forming and 
Simple Hardening in One Package... 


With BeNi, tight designs are no longer just dreams. Berylco 440 Beryllium 
Nickel gives you freedom to design parts such as electrical contacts, 
connectors, springs, diaphragms, switches, bellows, feather valves, 
electrical shunts, clips or clamps which require severe forming. 
b olU melo) ema at-\/{-mcom Ze) dala leleleim-iat-1 4 em c-(e] 1 Pmrelian) ©) (tem ole)-s-\-1-me) ar- la hymelal le 
design ideas which production technology previously prevented you 
ice) nm oss}i ale pm @xe) 1) e)(=>.ar-lale me(-1C-Vi(-e mice) ataliale me) el-)¢-lalelalom-laom-\exere) at) eis ja(=re. 
Wihda Mme) dpatclo)icm {<1 lm ol-) ce) a-m-le(-mat-iae(-lallale pm {sini m-th eh i\com cele meme lomeallalel 
you'd like to do with precipitation hardening stainless steel... but can’t. 

mAYAc1 ance) au aalialtciael acm el-| ase ={-)h\ | e-c- 10 mo) it-1acmalre|amcclarcjiicm-lavemallelamr-isre|0[> 
strengths over a wide temperature range... and formability. Parts of 
Io) Ni mtst AoW aot= (eli h’an el aster) elec derelamar-lael>)alcvemmact-leraliavemant-balenlelnemanlsleiar-lalfere! 
properties with simple one-step, short-time thermal treatment 

925°F for 90 minutes). No lengthy hardening operations. Yet BeNi 

> Corolororomialsm Ol>) are) ater-laler-me)m el asiel|e)pe-telelamar-lae(clallarems)tclialtctoiomsy tsi) mee 
reValo Mi mer-lals ol-mUlci-10 Mi aur-| 0) e)icer-1u(e) alse) tomsi0 10 hm ame (0) 0m ce mncy.0 hal am 

BeNi 440 is available from KBI in production quantities, produced 
Clave (<] me]0) a1 idl ale(-1a)m@L@mial-jels\erire)am-lalemccrcyd ale 
program. Samples are available for your 
0 [=A1/-1 fo) eo) gat=)ale-vinu ie) dene ielsimerclimcelel s 
KBI representative... OR, send 
for our BeNi Bulletin. 
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; > KAWECKI BERYLCO INDUSTRIES, INC. 
° General Sales Office * 220 East 42nd Street, New York, NY 10017 











We put 
the 
Guardian Angel 





TO 
‘ THE TEST! 





“Hey, Angel?’ we said, “lots of engineers need a very small relay (like with all terminals 
on .1” grid for PC boards) but they want it to carry a big load (like up to 50 amps)” 


“Easy,” said the Guardian Angel. 


“Wait,’ we said, “this relay must be very dependable (like for computers and business 
machines) but must be very low cost (like for the competitive appliance business)’ 


“Not so easy,’ allowed the Angel. 


“There’s more,’ we told her. “Engineers want this relay in dozens and dozens of 
variations (like 5 to 50 amps, SPST to DPDT and everything in between). 
Oh, and AC or DC” 3 


The Guardian Angel looked at us like we were nuts. 


“And while you're at it?) we went on, “give it a temperature range —45°C to +70°C... 
life span over 10,000,000 operations...and bring it in at about an ounce” 


The poor kid just started to cry. 


“Look,” says we, “you're supposed to be THE Guardian Angel of engineers, 
“so let's see you do your stuff. PASS US A MIRACLE, BABY?” 


DID THE GUARDIAN ANGEL SUCCEED? 
Or did she fall on her pretty patoot? 


SEE NEXT PAGE FOR THE EXCITING ANSWER } 6 
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“We figure payback at 18 months — even 
with our extremely low usage rate of 
1 hour a day, 70,000 units a year.” 


We gave the Qualifier 901 a 
big build-up because we know 
itis the surest, least expensive 
way to avoid faulty IC’s in your 
finished product. 

But we had to know how the 
industry felt about our new 
system. When the phones 


“From what I’ve seen, 


“I have technical people, but I need a test unit where I 
can utilize non-technical people ...say someone that 
knows the difference between AC and DC” 


We just introduced the Fair- 
child Qualifier 901™ 


It's our new logic IC tester 
for incoming inspection of 
CMOS, DTL and TTL. We told 
you about unique Qual Card™ 
programming. We pointed out 
its simplicity of operation. 
Foolproof. There’s only two 
things to remember: insert the 
Qual Card and IC — and read 


the results. 


the 901 and its 
Qual Card program- 
ming works beau- 
tifully regardless 


of staff’ 
















Bes Hi of fon most common 
responses is here. 


The comments we received 
convinced us we had 
satisfied our design 
concept: ‘‘Make it easy 

for the user!’ 


For example, take a look 
at Qualifier 901 program- 
ming. The durable plastic 


“We need a unit for 
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incoming inspection 
with minimally 


7350-82 era at 
-$2.50-$3.00 an hour.” 
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thing is in the card. It's 
unbreakable. Slide the 


Qual Card into the reader slot. 
No dials. No programmers. 
No operators to train. Noth 
ing is left to chance. 


Your operator can't miss. 


The machine tests itself before 
it begins with your IC’s. When 
the system is turned on, a com- 
prehensive self-analysis is per- 
formed. When a program is 
loaded, the system checks it- 
self. Further, an accompanying 
packet of diagnostic program 


“Why a 901? It’s 
simple. We’ll reduce 
our Ty -2% IC failure, 
50% board rework to 
an acceptable 12% IC 
failure, 10% board 


rewor 

cards verify the accuracy of 
the drive and measurement 
circuits. 


And the Qualifier 901 is under 
$8000 for the basic 16-pin test 
unit. For another $2500 you 
can expand that capability to a 
24-pin field. The Qual Card 
costs from $20 to $60 each. 


If you'd like more information 
on the Qualifier 901, we'll send 
you a brochure, a list of repre- 
sentatives and a growing li- 
brary catalog of 400 Qual 
Cards now available. Call col- 
lect or write today. 


Qual 
Card, 
verified by us, 
is immediately 
available from our 

library. When it 
comes back by return 
mail, all you do is put it 
in the machine. Every- 


Fairchild Systems, A Division 
of Fairchild Camera and Instru- 
ment Corporation, 1725 Tech- 
nology Drive, San Jose, Cali- 
fornia 95110. (408) 998-0123 
~ TWX: 910-338-0558. 
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4 MIRACLE 





and she 
produced the 


AMAZING 








1360 
RELAY 





. 


Way to go, Angel...way to go! 
SEND F OR... the complete story on the new 1360... 


plus all the other miraculous Guardian Relays. Circle the reader 


service number for your just-off-the-press 1974 RELAY CATALOG. 


GUARDIAN 


GUARDIAN ELECTRIC MANUFACTURING CO. 1574 West Carroll Ave., Chicago, Illinois 60607 
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IT’S S LL @@@ all terminals 


on .1” grid spacing for standard PC board, 
weighs about an ounce. 


T? Ss BIG... caities 5 to 50 AMPS 


with a life expectancy over TEN MILLION 
operations. 


IT’S HIGH... in aiiality to 


meet uncompromising dependability 
demands. 


T°S eee in price to keep 


your product competitive. 












IT’S VERSATILE... 
DPDT, DPST-NO; DPST-NC, SPDT, 
SPST-NO; SPST-NC...5 to 50 amps, 
AC or DC. Solders right on PC board... 
or use mating socket. | 




























Nide LPB application. Plus 
designed for “Function en 
able’’ switching modes on 
computer/peripheral equip- 
ment. With Series 05, you get 
tactile feel upon contact c 
sure, together with long (.030" 
‘contact wipe which assures 
reliable switching closures 
over an extended life. Plus the 
integral design —mounting 
egs and housing are unitized 
—eliminates extra hardware 
and minimizes installation 
time. And the single pole LPB 
accepts the new, low cost [-1% 
wedge base lamp. Also avail- 
able in LED, neon lamp or an 
unlighted PB 
switch version. 
How sweet it is. 
see for yourself. 
For information 
and complete 
Specs, wrile 
— © LICON, Division 
2 Iinois Tool Works Inc, 
6615 W. ving Park = Gal 
Chicago, Illinois 60634 Phone 
312) 282-4040, [WA 910- 
20\-02/5. 


fg LICON 


The Innovative Electronics Group of [TW 
LICON «© EMCON «© PAKIRON 


© illinois Tool Works Inc. 1974 
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Designers’ Guide to: 
Active filters—Part 2 


Proper application of active filters is not elementary. It requires 
knowledge of the properties and capabilities of the various types. 


Marvin Patterson, Hewlett Packard Co. 


Any filter function capable of passive implementation 
can be realized with an RC active filter design. In 
Part 1 (Aug. 20, 1974, pg. 83), we developed a tech- 
nique for synthesizing complex transfer functions by 
cascading simple sub-functions. The transfer func- 
tions discussed were very general, because emphasis 
was directed toward technique development rather 
than specific response requirements. Having laid 
this foundation, we can now start to build on it by 
considering the practical rather than the theoretical 
aspects of RC active filter design. 

The wide variety of response requirements has 
given birth to a number of classical filter types. Be- 
cause of their unique properties, each type has been 
considered the optimum solution for specific re- 
sponse requirements. Before jumping into a: design 
example, it might be beneficial to briefly review the 
characteristics and lowpass response design criteria 
of some of the ‘‘old standard” filter types. 


Fast response with no overshoot 

A Gaussian lowpass filter gives a critically damped 
response to a step input function. This filter offers the 
fastest risetime and sharpest frequency rolloff pos- 
sible without amplitude overshoot. Consequently, it 
might be considered optimum for filtering a signal 
where exact knowledge of an input pulse amplitude 
is of prime importance. | 

N"-order Gaussian filters are equivalent to cas- 
_cading n single-pole lowpass sections. Consequently, 
the response is given by: 











where s = —a is the location of all n poles on the 
negative real axis of the s-plane. For steady-state 
sinusoidal signals, s = jw and: 


a" < O(a) 


Ae) = Gre are ar 
A jw) = -ntan-(2) (24) 
At the 3 dB cutoff frequency @,: 
a wiki 
(2? +a? V2 (25) 
solving for w, yields: 
w, = (21/n ae 1)*"a (26) 


When you need passband flatness 

A Butterworth lowpass filter gives the most con- 
stant amplitude response over the pass band, often 
referred to as ‘‘maximally flat’’ amplitude response. 
Outside of the pass band the attenuation slope of this 
filter rapidly increases, achieving the asymptotic rate 
of —6 dB/octave/pole at a much lower frequency 
than the Gaussian casé. Because of these charac- 
teristics, Butterworth filters might be considered 
optimum where the input power spectrum in the 
pass band is of primary importance and good re- 
jection outside the pass band is required. 

However, a step response having considerable 
overshoot accompanies these desirable spectral char- 
acteristics. The amount of overshoot ranges from 
4.3% for a 2-pole network to 12.8% for five poles. 


The general transfer function for an n-pole lowpass 
filter can be expressed as: 


H 


MS) icp ast ee 


(27) 


The magnitude of this function for sinusoidal signals 
takes the form (Ref. 4): 


[A(jw)| = (28) 


H 

(q@2" oy A, wn? ate earn Ay? 
For constant amplitude response, the ideal slope of 
this function throughout the pass band would be 
zero. The closest approximation to this condition is 
achieved when as many derivatives as possible of 
Eq. 28 are made equal to zero at w =0. When this is 
done, Eq. 28 becomes (Ref. 5): 








H 

|A(jo)| (@?" -L. wn ) te (29) 
where 

Gy = Fi 
At w=0 |A(ja)| = Hn 

Wo 
H 
At w= @ |A(jw)| = 
‘ V 208 


The 3-dB cutoff, w,,is thus independent of n and is 
given by: 


on, = oh, | (30) 


The poles of the transfer function that yield Eq. 29 can 
be shown to be equally spaced around a semicircle 
of radius w, in the left half of the s-plane. If the num- 
ber of poles, n, is odd, a pole exists at s = —@, and 
all other poles are located on the semicircle separated 


At 


from each other by z7/n radians. If n is even, no poles 
exist on the negative real axis. The first pair occur on 
the semicircle at 77/2n radians above and below the 
negative real axis. The other poles are spaced at z7/n 
intervals from the first two. Fig. 9 illustrates these 
rules for 5- and 6-pole Butterworth filters. 


Preserving the input waveform 
A filtered signal differs from the unfiltered input 
because of two effects. First, the filter reduces the 


(a) FIVE POLE CASE 








+jw » 
ee e 
a} 
- ‘ 
o < 
6 a — 


(b) SIX POLE CASE 


Fig. 9—Butterworth pole-zero plots will show a negative real 
pole only when the number of poles, n, is odd. 


amplitude of harmonics contained in the input signal 
that lie outside the filter pass band. Second, the filter 
generally delays the various input harmonics by dif- 
fering amounts causing delay distortion of the output 
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waveform. Even when the pass band is widened suf- 
ficiently to include all significant input harmonics, 
most filters will noticeably alter the input waveform 
because of nonuniform harmonic delay. 

The Bessel lowpass filter minimizes such an effect. 
This class of filter provides the most linear phase vs. 
frequency characteristic. Since the time delay of a 
filter is equal to minus the rate of change of its phase 
shift with respect to angular frequency, Bessel filters 
provide a maximally flat time delay. Therefore, har- 
monics present at the input of a Bessel filter will tend 
to appear at the output in the same time relationship, 
thus preserving the input waveform as nearly as pos- 
sible. Consequently, Bessel filters are useful in appli- 
cations where knowledge of the input waveform 
takes on primary importance. 

As in many other cases, optimizing one charac- 
teristic generally requires tradeoffs. Bessel filters 
possess a modest overshoot that peaks at 0.83% for 
four poles and decreases in both higher and lower 
order filters. The amplitude response of Bessel filters 
rolls off sharper than Gaussian filters but take longer 
to approach the asymptotic amplitude slope than 
Butterworth filters. 

Bessel lowpass filters have the general transfer 
function given by Eq. 27. The exact form of the de- 
nominator that produces maximally flat time delay 
characteristics is derived from n' order Bessel poly- 
-nomials (Ref. 6). Corresponding locations of the n 
poles do not follow a convenient analytical relation- 
ship like the previous two cases, and can best be pro- 
vided in tabular form. Table 1 gives normalized pole 
locations for first through eighth order Bessel filters. 
Table 2 shows time delay characteristics as a func- 
tion of frequency and the number of poles. To obtain 


the pole locations for a filter of cutoff frequency «,, 
simply multiply the coordinates in Table 1 by w.. 
Table 2 can be applied by dividing the listed time 
delays by w and multiplying the listed frequencies 
by a,. 


For sharp cutoff applications 

Chebyshev lowpass filters provide a more accu- 
rate approximation to the ideal lowpass amplitude 
vs. frequency characteristic. The amplitude response 
is not flat in the pass band but, instead, cycles as a 
function of frequency by an amount predetermined 
in the design. The attenuation slope vs. frequency 
outside the pass band is initially much steeper than 
the asymptotic. slope and gradually reduces to the 


asymptotic value as frequency tends toward infinity. 


This type of filter should thus be used when some 
amplitude variation in the pass band can be tolerated 
and when a rapid transition to the stop band is de- 
sired along with maximum stop-band attenuation. 
The analytic form of the Chebyshev amplitude re- 
sponse for sinusoidal steady-state is shown by Ref. 7: 


|A(jo)| = ——————— (31) 


where C,, is the n'*-order Chebyshev polynomial, «€ 
is a factor that sets the amplitude of the passband 
amplitude variation, and w, is the edge of the pass 
band. The Chebyshev polynomials are given by: 


C, (x) = Cos(n Cos~'x) for -1 = xs 1 (32) 
or 


C(x) = Cosh(n Cosh~'x) for |x| > 1 (33) 


These general equations translate into the following 
polynomials: 


C(x) = x 

C,(x) = 2x? — 1 

C,(x) = 4x® — 3x : (34) 
(x) == 8x* — Ox? +1 

ag ilh) = 2x, 7 Cay 


Fig. 10 shows a typical Chebyshev amplitude re- 
sponse. The magnitude of the ripple in dB, 4, is given 
by: 


S = 10 Log(1 + 6) (35) 


Table 3 shows the values of € corresponding to com- 
mon values of 5. To determine the pole locations for 
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an n-order Chebyshev filter, first calculate the de- 
sign parameter, a, such that: 


ae ii 
a =i Sinty-1( =) aii (36) 


The approximate 3-dB cutoff frequency will be given 
by: ps 


w@,. ~ w, Cosh(a) for « < 1 


Next, draw a circle of radius w, Cosh (a), centered at 
the origin of the s-plane as in Fig. 11. Locate n poles 
on this circle according to the rules given for the 
Butterworth case. Finally, multiply the real part of 


the coordinates for each pole by Tanh (a). This, in 


effect, moves the poles horizontally toward the jw 


axis to their final location on an ellipse with major 


axis equal to w, Cosh (a), and minor axis equal to 
w, Sinh (a). | | 


Implementing a lowpass filter 

We have, to this point, discussed how to locate 
network poles for various optimum types of lowpass 
response. Knowing the location of these poles com- 
pletely defines the denominator of the corresponding 





Fig. 10—Chebyshev lowpass filters more nearly approximate the 
ideal amplitude vs. frequency characteristics. 


transfer function. For a unity-gain lowpass function, 
the numerator should equal the denominator at s = 0. 
The resulting transfer function can thus be written as: 


ae 
NS ee) (6 tgs) 
(37) 


aes 
55151 


Eh (S+s,)(is +s,)is +5) )- 


where 5,, s,, s*, +++ S* are determined from the 
previously described techniques to provide the de- 
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fe : 
* 








sired type of response (* denotes the complex con- 
jugate). | 

An alternate form of Eq. 37, called the lowpass 
prototype, is obtained by dividing both the numerator 
and denominator by (w,)". This yields: 


PoPiPT °° * PmPm 
(Pp + Pop + p,)(p + pt) - + + (0 + Py)(p + px ) 
pe (38) 


p= grat jx (39) 


and where p, through p* equals s,/w, through 
s* /w., respectively. The coefficients and pole loca- 
tions in Eq. 37 vary with w,. Since Eq. 38 has been 
normalized, the coefficients and pole locations, with 
respect to the variable p, are independent of w,. 
They depend only on the type of lowpass response. 
For example, a single lowpass prototype transfer 
function (Eq. 38) applies to all 1 db-ripple, 5-pole 
Chebyshev filters. Once known, the transfer function 
for such a filter at any w, can be obtained by mul- 
tiplying the numerator and denominator of the low- 
pass prototype by (w,)". | | 

The transfer function of Eq. 37 can be factored into 
the following general sub-functions: 

A,(s) =—— (40) 

: (S + Sp) 





SSr 


CC ee a 
({s) (s +s,)(s + s*) 


(41) 


The function A,(s) can be implemented with a single 
passive RC lowpass section. If a number of such func- 
tions are to be cascaded for a Gaussian response, use 
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an active implementation to avoid loading effects. 
The active 2-pole lowpass .section shown in Fig. 6, 
Part 1, can be designed to provide two coincident 
-real poles. This circuit also can be altered to provide 
the general form of response required by Eq. 41. 
Any type of lowpass filter described herein can thus 


a = 0.287 
w= w Cosh (a) = 1 
Tanh a= 0.279 








Chebyshev Poles 
—Q0.279 
—0.225 + j0.59 
—0.086 + j0.95 


Butterworth Poles 
—1.00 
—0.81 + j0.59 
—0.31 + j0.95 








Fig. 11—Construction of a Chebyshev pole-zero plot uses Butter- 
worth rules to initialize pole locations. 


be implemented by a series of properly designed 

active 2-pole circuits. If required, the odd real pole 

can be realized with a passive RC lowpass section. 
ei 


Part 3 of this series, covering the techniques of low- 
pass prototype transformations, will appear in the 
Oct. 20, 1974 issue. 
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12 BIT A/D CONVERTERS .. . 


Just 2 years 
ahead 
In... 


SIZE 
COST and 
PERFORMANCE 


Micro Networks has continually led in the pro- 
duction availability of dip packaged and MIL- 
range D/A and A/D’s. 


Model MN5200 successive approximation con- 
verter is the industry’s first 12 bit A/D in a dip, 
complete with internal reference and guaranteed 
+ V2 LSB linearity. 












4 








MN5200 Series converters are: 
Totally adjustment free... and factory trimmed. 
Hermetically sealed 24 pin dip package. 
Low Power... /00Mw. 
High Speed... 50usec conversion time. 
+Y¥2 LSB linearity for 0 to 70C. 
Available to full MIL operation —55 to +125C 
(“H” Models only) 
Prices: 
MN5200 (1 to 24)... $225. 
-MN5200H (1 to 24)... $375. 


Available from 
stock. Full tech- 
nical data avail- 
able. Write or 
call... today. 


LA\hy 


Micro Networks Corporation 
5 Barbara Lane * Worcester, Mass. 01604 / Tel: (617) 753-4756 
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Wood Electric—known for top quality circuit 
breakers for more than 20 years—is a recent 
P&B acquisition. There is an authorized Wood 


Electric Circuit breaker distributor near you. 
He has a long list of standard 
models in stock for imme- 


diate delivery. Both 
thermal and 

magnetic types. 
Ratings range 
from 1 to 60 am- 
peres in voltag 
from DC to 40 
times are from 


ALABAMA 
Birmingham 
M.G. Electronics & Equipment Co. 
205/328-4525 


CALIFORNIA 
Culver City 
Avnet Electronics Corporation 
213/559-4111 
Hamilton Electro Sales 213/871-7171 
EI Segundo 
Liberty Electronics 213/322-8100 
Garden Grove 
Allied Electronics Corporation 
714/894-7581 
Hawthorne 
Standard Sky Stores 213/679-2561 
Inglewood 
Newark Electronics Corporation 
213/678-0441 
Irvine 
Cramer/Los Angeles 714/979-3000 
Los Angeles 
California Wholesale Electric Co. 
21S /723-627.11 
Mt. View 
Elmar Electronics 415/961-3611 
Oakland 
Brill Electronics 415/834-5888 
Riverside 
Electronic Supply 714/683-7300 
South San Francisco 
VanDusen Aircraft Supplies 
415/589-3133 


COLORADO 


Denver 
Cramer/Denver 303/758-2100 


CONNECTICUT 
Fairfield 


U-Tronics, Incorporated 203/255-4521 


North Haven 


Cramer Electronics, Inc. 203/239-5641 


FLORIDA 
Miami 
Electro Standards Labs., Inc. 
305/633-6975 
Electronic Equipment Co., Inc. 
305/871-3500 
Oakland Park 
Peerless Radio Corporation of 
Florida, Inc. 305/566-5966 
Orlando 
Brownell Electro 305/843-6770 
Cramer/EW-Orlando 305/894-1511 
Hammond Electronics 305/241-6601 
Pensacola 
Grice Electronics, Inc. 904/433-4616 
Tampa 
Hammond Electronics 813/253-0104 
Winter Park 
Electronic Equipment Company 
305/644-4833 


GEORGIA 
Atlanta 
Lykes Electronics Corporation 
404/355-2223 
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rip 
instantane- 


ous to 100 seconds at 200% 








of rated load. 













We can deliver 
Wood Electric circuit breakers 
...from stock! 








Many are U/L recognized and CSA listed. 
Thermal units include single pole push-pull, 


single 








Potter & Brumfield 


P&B circuit breaker distributors 


Hapeville 
Brownell Electro, Inc. 404/762-5181 


ILLINOIS 
Broadview 
LComp—Chicago, Inc. 312/865-7600 
Chicago 
Allied Electronics 312/421-2400 
Electro-Kinetics, Inc. 312/286-4200 
Newark Electronics Corporation 
312/638-4411 
Elk Grove Village 
Cooper Aviation 312/439-3050 
Lakeland Electronics, Inc. 
312/595-1000 
Joliet 


Avionics Associates, Inc. 815/792-0820 


Palatine 

OHM/Electronics, Inc. 312/359-5500 
Peoria 

Klaus Radio, Inc. 309/691-4840 


INDIANA 
Evansville 
Hutch & Son, Inc. 812/425-7201 
Indianapolis 
RA-DIS-CO, Inc. 317/637-5571 


KANSAS 
Wichita 
Radio Supply Co., Inc. 316/267-5216 


KENTUCKY 
Lexington 
Radio Electronic Equipment Company 
606/255-6661 
Louisville 
P. |. Burks Company 502/583-2871 


LOUISIANA 
Lafayette 
Ralph's of Lafayette 318/234-4507 


MARYLAND 
Kensington 
Marine Air Supply 301/949-1353 


MASSACHUSETTS 
Boston 
Sager Electrical Supply Company 
617/542-2281 
Cambridge 
Wilshire Electronics/New England 
617/491-3300 


Newton 

Cramer Electronics 617/969-7700 
Springfield 

T. F. Cushing, Inc. 413/788-7341 

Watertown 

Sterling Electronics 617/926-9720 


MICHIGAN 
Detroit 
RS Electronics 313/491-1000 
Wyoming 
Newark Industrial Electronics 
616/241-6681 


MINNESOTA 
Minneapolis 
Northern Airmotive, Inc. 
612/726-5700 
St. Paul , 
Gopher Electronics 612/645-0889 


MISSOURI 
North Kansas City 
LComp—Kansas City 816/221-2400 
St. Louis 
LComp—St. Louis 314/647-5505 
Van Dusen Aircraft Supplies 
314/731-1700 


NEBRASKA 
Omaha 
Omaha Airplane Supply Co. 
402/422-6666 


NEW JERSEY 
Cherry Hill 
Cramer/Pennsylvania 609/662-5061 
Clifton 
Wilshire Electronics/New Jersey 
201/365-2600 
Pennsauken 
RESCO 609/662-4000 


NEW MEXICO 
Albuquerque 
Walker Radio Co., Inc. 505/247-2288 


NEW YORK 
Binghamton ; 
Harvey/Federal Electronics, Inc. 
607/748-8211 
Buffalo 
Summit Distributors, Inc. 716/884-3450 
East Syracuse 
Cramer/Syracuse 315/437-6671 
Farmingdale 
Arrow Electronics 516/694-6800 
Garden City 
Standard Aircraft Equipment, Inc. 
516/747-8787 
Hauppauge 
Cramer/Long Island 516/231-5600 
Time Electronics Sales 516/273-0100 
Long Island City 
H. L. Dalis, Inc. 212/361-1100 
Lynbrook 
Peerless Radio Corporation 
516/593-2121 
Rochester 
Masline Electronics, Inc. 716/546-5373 
Woodside 
Durham Aircraft 212/274-9000 


NORTH CAROLINA 
Greensboro 
Hammond Electronics of Carolina, Inc. 
919/275-6391 
Raleigh 
Southeastern Radio Supply Company 
919/828-2311 
Winston-Salem 
KirkmanElectronics, Inc. 919/724-0541 
Piedmont Aviation 919/767-5431 


Circle No. 40 


pole toggle and three pole (phase) 
e push-pull. Magnetic-hydraulic units in- 
clude single pole, two pole 
and three pole models. For 


technical litera- 
ture call your 
nearest P&B 
Circuit Breaker 
Distributor or 
write Potter & 
Brumfield Divi- 
sion AMF Incorpo- 


rated, Princeton, Indiana 47670. 812/385-5251. 


OHIO 
Akron 
Sun Radio Company 216/434-2171 
Cincinnati 
Hughes-Peters, Inc. 513/351-2000 
Schuster Electric 513/984-1600 
Cleveland 
Pioneer-Cleveland 216/587-3600 
Columbus 
Hughes-Peters, fic. 614/294-5351 
Dayton 
Esco, Incorporated 513/224-9192 
Solon 
Repco 216/248-8900 
Warren 
REM Electronics 216/399-2777 


OKLAHOMA 
Oklahoma City 
Electro Enterprises, Inc. 405/239-7561 
Tulsa 
Oil Capitol Electronics Corporation 
918/836-2541 


OREGON 
Portland 
Platt Electric Supply Company 
503/228-6121 


PENNSYLVANIA 
Allentown 
A. A. Peters, Inc. 215/434-5237 
McKeesport 
Barno Radio Company 412/462-7574 
Montgomeryville 
Pyttronic Industries, Inc. 215/643-2511 
Reading 
Barbey Electronics 215/376-7451 
Spring House 
Avionics Associates, Inc. 215/643-6555 
York 
Rosen Electronics Company 
717/843-3875 


TENNESSEE 
Knoxville 
Industrial Electronics, Inc. 
615/573-7135 
Memphis 
Brownell Electro, Inc. 901/332-9254 
Nashville 
Electra Distributing Company 
615/255-8444 


TEXAS 
Dallas 
Associated Aircraft Supply, Inc. 
214/331-4381 
Ft. Worth 
Allied Electronics 817/336-5401 
Garland j 
Newark-Dallas Electronics Corp. 
214/271-2511 
Houston 
Harrison Equipment Company 
713/224-9131 


WASHINGTON 
Seattle 
Radar Electric Company 206/282-2511 


WISCONSIN 
Cedarburg 
A-A Electric 414/377-8000 
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Buy our industry 


standard MV50'’s 
for all the standard reasons. 











Our littlest GaAsLITE® light emitting APPLICATIONS 


diodes, the MV50 series, have been They are prime candidates for pc 
the lowest cost, highest volume solid- board diagnostics and small indicator 


state light bulbs in the industry since lamps. Small form factor makes them 


we introduced them back in 1969. And great for array-building. And we re 
glad to help you fit them into any 


the reasons you should specify them 

are all the standard ones: a ee socket. Ask for applications assistance 

PRICE any time. 

o u il ori OUR NAME 
SUN os tae eee ; We helped get this solid-state light 
Clear lens, red dot of light industry going. We plan to be around 

AVAILABILITY | Green lens, green light as long as your equipment lasts. 

They're on distributors’ shelves for Yellow lens, yellow light So if you're looking for a little light, 

Sh Adil sis snl Ny a Red diffused lens, red light | now's the time to buy MV5O’s. And if 

dato Set YOUR T Raa Terese Low current operation you're interested in small yellow and 
(3mA) red. green GaAsLITEs, ask about our MV52 

RELIABILITY and MV53. We'll be glad to send all the 


standard data. Monsanto Commercial 
Products Company, Electronics 
Division, 3400 Hillview Avenue, Palo 
Alto, CA 94304. Phone: (415) 
493-3300. 


Putting innovation to work 


Monsanto “~~ 


Completely solid state, they don’t burn 
out. We've shipped over 12 million of 
them in the last five years and have 
accumulated life test data of 13.7 
million device hours. 
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Decode ripple counter outputs the “glitchless” way 


T. M. Farr, Jr. 
Telex Computer Products Inc., Tulsa, OK 

A common type of control or sequencing equip- 
ment consists of a clock driving a counter, with 
associated decoding gates giving outputs at 
specific count levels. A typical problem with this 
scheme is false outputs, or ‘‘glitches’’ from the 
decoding gates as the count ripples down the 
counter. This is most severe when the counter is 
implemented in the easiest and least expensive 
way—a binary counter made up of ‘‘T”’ flip-flops. 

One solution is to convert to a counter utilizing 
the Gray code. In this code only one bit changes 
state with each clock pulse, and decoding gates 
connected to this counter do not produce 
“slitches.’”” Unfortunately, Gray code counters 





Fig. 1 shows the most common method of 
converting the binary counter output to Gray 
code. Unfortunately, the exclusive-OR gates used 
still suffer from the very problem we are trying to 
solve. That is, whenever both inputs to one of 
these gates change simultaneously, the output 


‘‘slitches,”” causing the decoding gates to do 
likewise. 
Fig. 2 shows the solution to this problem. This 


circuit produces a ‘‘glitchless’’ Gray code output 
from a counter of any length. The ‘‘Q” output of 
each stage of the counter (except the last one) is 
connected to the “T” input of the conversion 
flip-flop. The outputs (Fig. 3) thus produced will 
be a cyclic Gray code of the most common form, 
normally referred to as ‘THE Gray” code. 0 
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are difficult to implement, and the difficulty Circle 160 
grows as the required counter length increases. es i 
A" B" c Dp" EC DECIMAL BINARY GRAY 

EDCBA EDCEBEA 

Q 00000 00000 

1 00001 00001 

2 00010 00011 

3 COO C1 00010 

4 00100 GO. Ta 

5 0010 OO. 7 | 

6 00110 U0 10 1 

7 Oo lt 3 00100 

8 01000 O i100 

9 O1.00% O110) 

FLIP-FLOPS: 7474-TYPE 10 eivee Pe it 

— EXCLUSIVE-OR GATES: 7486-TYPE 11 Ci0t: write 

12 O1200 O10 10 

Fig. 1—When both inputs to one of the exclusive-OR gates change simultaneously, 13 01101 01011 

this binary-to-Gray code converter will produce a glitch. 14 011706 01001 

15 Ot; it 01000 

A’ 8" c" Dd” E 16 10000 11000 

17 10001 7100) 

18 10010 71011 

19 10011 11010 

20 10100 173110 

21 10101 11111 

22 70110 +170 1 

23 107 7 } 117400 

24 730090 10100 

25 1100 7 10101 

a. a ua a= . 26 11010 1011) 

eee ee 

28 11100 70010 

29 11103 10011 

30 +110 10001 

CLOCK PULSE ALL FLIP-FLOPS 7474-TYPE 31 .. 10000 


Fig. 2—A glitchless Gray code output of the most common form (also referred to as 
“THE Gray” code) is produced by this circuit. Counter can be of any length. 
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Fig. 3—Output of the circuits of Figs. 1 
and 2 is shown for reference. 
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For PBX, computer memory 
and instrument power 
supply applications 





for cermet resistor networks 





Save Space. Money. Time. It’s easy with 
CTS Series 760 DIP Cermet Resistor 
Networks. Four popular packages... 

8, -4, -16 and -18 lead styles. . . provide 
an infinite number of circuit combinations. 


Compact, low profile design puts the 
squeeze on PCB space. Cost cutters, too. 
All designs eliminate lead forming and 
lead trimming for low cost automatic 
insertion along with IC’s and other 

DIP components. Time saving? One 
18-lead CTS 760 Series package can 
replace up to 32 separate components. 


Available without organic cover coat, 

so you can trim for circuit balance. 
Precision .100” leads; rated up to 2 watts 
on 18 lead style; 5-Ibs. pull strength 

on all leads. 


Immediate delivery on standards. 
Custom designs to specifications. 

Be a saver. Turn to CTS of Berne, Inc., 
406 Parr Road, Berne, Indiana 46711. 
Phone: (219) 589-3111. 
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CTS coRPORATION 
ELKHART, INDIANA 





A world leader in cermet and variable resistor technology. 





Simple LED flasher is controllable 


Gordon H. Buckman, 
Boeing Co., Seattle, WA 








This circuit was originally designed to be used as a 
flasher for a “headlights on’’ warning system. 
However, it could also be used for a variety of 








RC555DN 


This “headlights on’”’ warning system flashes the LED approxi- 
mately 70 times/minute if your lights are ON and ignition OFF. 
Circuit takes advantage of the 555’s wide operating voltage 
capability. 


— NR RE ne 


Robert J. Barden, 
Douglas P. Collette, Michael Keshura, Jr. 
Middletown, RI 


A previous article! presented an excellent method 
of finding common logarithms. However, one often 
needs the ability to perform additional functions 
such as natural logarithms (In), anti-logarithms 
(logy} and In~'), and numbers raised to any power 
(x¥). Procedures have been developed to permit 
these functions to. be performed quickly and ac- 
curately on the common 4-function calculator. In 
addition, a table is presented which allows increased 
accuracy if desired. 

Basic formulas used for converting bases in log- 
arithms are as follows: 
log,x = log,x/log,a = (log,x) (log,b) 
In x = log,.x = log, x/log,,e = (log ,)x)(log,10) 
since log. 10 = 2.302585 


In x = 2.302585 log, x (1) 
Similarly, 
log, x = 0.434294 In x (2) 


With the above formulas you can easily convert 
from common logarithms to natural logarithms and 
back again. 
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other applications, such as an over-range indi- 
cator or a high-temperature warning. 

Normally, a flasher with control requires an 
oscillator source plus a transistor or relay to 
provide the control function. In this approach, 
though, you need only one active component, 
plus a capacitor, LED and three resistors. The 
active component, a 555 timer, is connected as an 
astable multivibrator. It pulses the LED at approxi- 
mately 70 pulses/minute with the component 
values shown. 

When the discharge terminal is connected to 
+V, the output will be held LOW and the LED will 
remain OFF. Removing this voltage allows the 
timer to return to its astable state and flash LED. 

The table defines the circuit operation when 
used as a “headlights on” warning system. This 
automotive application takes good advantage of 
the wide operating voltage capability of the 555.0 
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Expanded algorithm method derives additional functions 





Table 1 can be used for the computation of anti- 
logs. Given any common logarithm of the form 


Cm,m,m,m,..., its anti-logarithm (log~!) can 
be displayed as (10°(109!™1)(109-0!™2)(1 09-001 m3) 
(109:9001m4), | Table 1 provides values for each 
term up to 10°-°°°°!™6, For example, if m, = 6, the 
value of 10°: can be found by going to the 10°?™ 
column and locating the number corresponding to 
the number 6 in the m column. Therefore, 10°:"® 
= 3.981072. A row corresponding to m = 0 has not 
been included since 10° = 1. Further, because the 
anti-natural log of a number (In~ 'x) is simply e raised 
to the x power (e*), the necessary computations are 
a special case of the following paragraph. 

Raising a number to any power (x*) can be de- 
rived in the following manner: 

txt = 'B 

then log x = y log x = log B 
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PANEL 


says it all... 


ENGLISH @ FRENCH e GERMAN e HEBREW e RUSSIAN 
yAPANESE @ SYMBOLS @ GRAPHICS @ and other languages 





No matter what you have to say or how you say it, a SELF-SCAN panel display 
orovides the economical and practical solution to your readout problem. 
The only commercially available dot matrix pattern with five years of 


proven customer performance plus the following features: 



















e Low Cost e Few Connections 
e Compact Packaging e Distinctive Appearance 


The 5 x 7 dot matrix format of SELF-SCAN panels and our 
variety of MOS character generators allow you to commu- 
nicate with maximum legibility and flexibility. Simulta- 
neous bi-lingual display is also possible on certain models. 
SELF-SCAN panels are simple to interface to computers. 

Single register displays of 16, 32, and 80 characters, 
and multi-register displays of 256 (8 x 32) characters are 
available. 0.2’’, 0.3”, 0.4” characters with soft neon-orange 
glow are visible up to 25 feet. 





Call your Burroughs represent- 
ative for a “‘briefcase’’ demon- 
stration, or get in touch with 
Burroughs Corporation, Elec- 
tronic Components Division, 
P.O. Box 1226, Plainfield, New 
Jersey 07061, Tel. (201) 757-3400 
or (714) 835-7335. 
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You can see the difference Burroughs 





Taking the anti-log of both sides of the equation 
yields: 


log (y log x) = log™ (log B) 


=B 
alee 
Therefore, 
xY = log '(y log x) (3) 


The above formula is valid for any value of x 
(integral or non-integral) and any value of y (integral 
or non-integral). If y is a negative number, simply 
treat it as if it is positive, then take the reciprocal 
of the answer. 


> ae — (x*)o3 


For the special case where x = e, Eq. 3 reduces 
to the following: 


e’ = log '(y log e) 
since log e = 0.434294 
e’ = log 1(0.434294y) (4) 


Example 1: 

Find log~! 2.8014 

log x = 2.8014. Therefore, 

C=2,m,=8, m,=0,m,=1,m,=4 

x = log '2.8014 | 
= (1 OE}?! 1 CF GEA? Ms (J 09-00! ms Cpe ee? 4 ) 
— (1 07)(1 OPI S apicias | (9-901 yA Q°.8ees) 
= (100)(6.309573)(1)(1.002305)(1.000921) 
= 632.9941 


Actual value is 632.9946. Error = 0.00008%. 


Example 2: 
Find In-'—0.2315 using the first four decades of 
the chart 


In~'—0,2315 = e79-2815 
e’ = log 1(0.434294y) 


Therefore, e~ 9-235 = log~![(0.434294)(—0.2315) | 
= log™1(—0.100539) 
= [log-(0.100539) ]~? 
= [(1.258925)(1)(1)(1.001152) ]~? 
= [1.2603752]7! 
_ =0.7934145 
Actual value is 0.79334270. Error = 0.009%. 


Example 3: 
Find 23 using six decades of the chart 


xy = log” '(y log x) 
23 == 16g “4{3- log 2) 


First we must find log 2, C =0. 


2 e = 
1.995262 = 1.0023746. Therefore, - mys 

1.0023746 _ | 2 
TaagE 10000694 ms = 

1.0000694 _ a 
i agdEe 10000003 m,=3 
m, = 0 


Therefore, log 2 = 0.301030 


23 = log~'[ (3)(0.301030) ] 
= log 1(0.903090) 
= (7.943282)(1)(1.006932)(1)(1.000207)(1) 
= 8.0000004 


Error is 0.000005%. © 


Reference 
1. Grover H. Martin, “Algorithm provides logs with 
4-function calculator,’”” EDN, January 20, 1974, p. 78. 
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Editor’s note: This Design Award first appeared in our July 20, 1974 issue. However, errors contained therein 
rendered it unintelligible. Therefore, please consider this corrected version in your voting for “Best of Issue.” 


Fault annunciator delivers full features despite simplicity 


C. E. Musser 
General Electric Co., Johnson City, NY ~ 


Fault detectors are necessary in redundant and 
complex electronic systems to provide warning, 
safety, maintenance or other functional needs. 
This electronic mechanization fulfills five require- 
ments: 
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a. It monitors at least four fault logic inputs 
simultaneously. (It is assumed the logic 
sources have been memorized.) 


b. It turns on a lamp or LED if there is at least 


One input asserted. 

c. It flashes the lamp each time an input is 
asserted. 

d. It provides a manual capability to stop the 
flashing lamp in the ON state. 
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- oscilloscope. That 


“Electronic signatures - 
a better way 
to see”’ 


to analyze noise on the output of his power 
supply. Our HP 3580A, with its CRT 
display of the frequency spectrum, let 

| him isolate harmonics and spurious noise 
that were sneaking through to the 
output. When you need to view and 
identify a number of frequencies 
simultaneously, consider the 3580A.” 
“Of course, you don’t always want 

to observe a frequency spectrum. 
Sometimes you need to measure signals 
or noise at specific frequencies. For 
example, our 3581A Wave Analyzer 
offered a better way for an engineer 
to see a ground-loop problem. Its 
narrow bandwidth let him home 

in On spurious frequencies and 
tackle them one at a time. For 
low-level measurements at 

specific frequencies, the 3581A 
Wave Analyzer is ideal.” 
“I’ve seen this type of problem’ 

in so many places that I’m 
convinced you too could see 
more with one of our 
analyzers. They’ve helped 
solve application problems 
ranging from space 
radiation studies to 
researching musical- 
instrument overtones 

and harmonics. If you 
think ‘signature 

analysis’ can help 

solve your engineering 
problems, call me, 

Dave Luttropp at 
303/667-5000. I'll be 
happy to talk electronic 
signatures with you. Or, 
call your nearest HP 

field engineer. He, too, 
can show you a better 
way to see and 

solve your problems 

with electronic 
signatures.” 


‘“Need a better way to predict the failure 
of mechanical parts such as bearings? Need 
to add another technique to your bag-of-tricks 
for analyzing problems in electronic systems? 
I’m Dave Luttropp, HP Product Manager 
for spectrum and wave analyzers. Let me 
show you a way.’ 

“When you consider that most items, 
from devices to systems, have a 
unique ‘signature’—a 
characteristic frequency 
Spectra you can analyze 
for trouble-indicating 
changes —then you’ll 
appreciate how signatures 
can give you a better way 
to see and solve 
these problems.” 

‘Take this bearing, for 
example. It’s worn. 

Sure, the engineer 
responsible could have 
waited until his screaming 
motor told him, but our 
3580A Spectrum Analyzer 
gave him some early 
warning signs that 
minimized motor damage 
and prevented production 
downtime. And he 

didn’t have to take it 
apart to know the bearing 
was worn... its 
frequency signature 

told him. At first, he 
tried to solve this 
problem with an 




























didn’t work because 

the signature was 

buried in noise. What he 

needed was a simple way to isolate 

the noise so the elusive signal could be 

clearly seen. Spectrum analysis does just that.” 
“There are engineers in other disciplines 

with this same basic need to separate 

noise from the signature. One wanted 


For New Standards in Frequency Analysis, Think HP. 


HEWLETT pu) PACKARD 


Sales and service from 172 offices in 65 countries. 
1501 Page Mill Road; Palo Alto, California 94306 
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LED flashes to indicate a problem. Pressing SW, stops flashing, but LED remains ON until all input faults have been cleared. 
Inputs are expandable and latches have a fail-safe feature in the event of a loss of “memory.” 


e. It turns OFF the lamp if all faults are cleared. 

Referring to the schematic, observe that the op 
amps are used as a memory loader, square wave 
oscillator and switching amplifier. The quad gates 
are used as latches and wired-OR’s. Both transis- 
tors act as switches, one controlling the oscillator 
and the other driving the LED. The diodes protect 
transistor base-emitter junctions and isolate the 
oscillator. Two capacitors set memory loading 
and oscillator time constants. The resistors con- 
tribute a variety of functions from voltage divider 
to current limit. 

To describe circuit operation, attention will be 
focused on input A only. All other input circuits 
operate identically. The description can be sim- 
plified somewhat by noting that NAND gates 1, 5, 
9 and 13 are open-collector types whose outputs 
are connected as a wired OR (point X). Gates 2, 6, 
10 and 14 are similarly connected (point Y). X is 
the primary control for output switching amplifier 
A;. Y controls the oscillator (A,). 

When input A is LOW, all operation is quies- 
cent. That is, the LED and oscillator are OFF and 
points X and Y plus A,’s output are HIGH. 

However, assume now that input A is asserted. 
Both X and Y go to a logic ZERO (LOW). This 
causes A, to switch HIGH, turning ON Q, and the 
LED. It also turns OFF Q,, activating A,, the 
oscillator. 

On the oscillator half cycle when A,’s output is 
LOW, A,;’s output is switched LOW, turning OFF 
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Q, and the LED. The next half cycle reverses the 
situation. The resulting flashing of the LED 
continues until the operator manually presses 
SW). 

Pressing SW, switches A, LOW, setting the “A” 
latch which consists of gates 3 and 4. This action 
returns point Y to a HIGH state which turns ON 
A,, stops the oscillator and, hence, the flashing of 
the LED. However the LED remains ON since 
point X is still LOW. 

If asecond failure is asserted on any other input 
line, point Y again returns to a LOW state, 
activating the oscillator and restarting the flashing 
action. Again, pressing SW, sets the latch cor- 
responding to the particular input. Whenever a 
failure is cleared (input goes to its nonasserted 
condition), its latch is automatically reset. When 
the last failure is cleared the LED goes out. 

Several additional features of this circuit should 
be pointed out. The four logic inputs are expand- 
able so long as the memory loading feature has 
sufficient drive capability. Op-amp A, is really a 
1-shot multivibrator whose time constant is 
adjusted to be shorter than the switch closure 
time. Should, for any reason, a latch lose its 
memory before its input failure is cleared, the 
lamp will flash. Finally, the square-wave oscillator 
incorporates a self-starting feature. 7 





To Vote For This Circuit 
Circle 163 
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New 5: D family makes buying decisions easy 
» MHz to siz Wiz. 


Whether you need a simple frequency counter, a 
complete universal counter-timer, or a quality com- 
munications counter, Systron-Donner has it... at 
a sensible price and with features nobody else has. 


’. Low cost frequency counter. Model 6202A is a 
Til Licmeciie-ilelabicelayr-leem-laleme-Jif-lel(-m cela die) ay Mele 
frequency counting to 5 MHz. Especially suited for 
Tateltjia'@r-lalem-Lolt(er-ti(ols mm da (e- Melt) hai} 


2. Complete universal counter-timer. S-D’s 50 MHz 
Model 6250A offers all universal functions along 
with such standard features as trigger levels, pre- 
set positions, 2 independent inputs, automatic and 
manual resolution, and 8 digits. Price $670. 


|. A great communications trio. S-D gives you 
a sacle of three frequency counters, all with 8 
digits, tone measurement and sensitivity control to 
reject noisy signals. Options include 5 oscillators 
to 5 x 10-19/24 hr. and an internal battery pack. 
Model 6220A is a 50 MHz unit upgradable to 180 
MHz or 512 MHz. Price $595. Model 6251 covers to 
180 MHz. Price $895. Model 6252 (shown) meas- 
ures to 512 MHz. Price $1,095. Relay overload pro- 
tection and metered input are standard on the 
6251 and 6252. 
For immediate details contact your Scientific De- 
vices office or Systron-Donner at 1 Systron Drive, 
Concord, CA 94518. Phone (415) 676-5000. 


SYSTRON —= > DONNER 
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Two remarkable film capacitor 
types. Only from Paktron. 


Axial lead polyester and polypropylene Micromatic® capacitors. 
Self-encased—wound on their own leads. Radial lead*Filmatic® 
capacitors with Rippleweld® lead attach process. Modern plants 
in Vienna and Lynchburg, Virginia. For free catalog, write: 


PAKTRON, Division Illinois Tool Works Inc., 
900 Follin Lane, S. E., Vienna, Virginia 22180. 
Phone (703) 281-2810. TWX 710-833-0682. 


PAKTRON 


Talare)’s-\ce) asm lammillanmmers|ey-\ei(elas 
The Innovative Electronic Group of ITW... 
PAKTRON # LICON = EMCON o 


ILLINOIS TOOL WORKS INC. 1974 
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Discover new performance 
and economy for your 
gee applications. | 


TORQUE (GM.-CM.) 


100 200 300 400 
STEPS / SEC. 


125 250 375 500 
REV./MIN. 


4-phase PM logic motors for under $9ea° 


Get information today on our new low cost 82401 Series reversible 
permanent magnet logic stepper motor. It will achieve an optimum 
cost vs. performance ratio for you. End uses include analytical instru- 
mentation and computer peripheral applications such as printer 
drives, X-Y plotter drives and chart drives. 

Coil design assures low wattage operation...... 3.5 watts for 
both 5 vde and 12 vdc models. Stable stepping operation is achieved 
by using a permanent magnet construction. Maximum pull-in/out 
torque is 2.4 oz-in. with a compensation network. Also a maximum 
pull-in rate of 350 steps/sec and pull-out rate of 480 steps/sec can 
be attained. Basic step angle is 7.5°, but integral gearing can be 
furnished to provide a variety of stepping angles and torques. 

*In 500 quantities. 
Send for information today! 
A.W. HAYDON CO. PRODUCTS 


NORTH AMERICAN PHILIPS CONTROLS CORP, 


Cheshire, Conn, 08410 « (203) 272-0301 
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PROGRESS IN PRODUCTS 





Optically-coupled isolator 
features a true optical IC 


PROGRESS IN 
SEMICONDUCTORS 


Optical IC’s have begun to make 
a commercial appearance. With- 
out much fanfare, Hewlett- 
Packard started shipping earlier 
this year optical isolators that 
contain true optical integrated 
circuits. 

Newest member in this family 





Fig. 1—Monolithic optical IC has been 
optimized for high speed. The large 
circular area is the photon detector. Two 
such chips are hermetically packaged in . 
Hewlett Packard’s 5082-4365. 





Fig. 


is a dual-channel, hermetically- 
sealed, optically-coupled iso- 
lator. Designated 5082-4365, the 
component has many features 
not available in other such 
devices. Fig. 1 shows one 
channel of this isolator on a 
single chip. The chip includes an 
amplifier with feedback and a 
Schottky-clamped transistor 
output (Fig. 2). 

Key features attributed to this 
single chip per channel ap- 
proach are: (1) Operating per- 
formance guaranteed over the 
range of ~—S5 (40 4425 Co {2) 
High speed (20-Mbit operating 
rate); (3) TTL-compatible inputs 
and outputs; (4) High common 
mode rejection; (5) 1500V insu- 
lation voltage; (6) Hermetically- 
sealed DIP. 


Military versions of this com- 
ponent are available on special 
order. Designated TX-4365 and 
TXB-4365, these units pass addi- 
tional environmental and electri- 
cal testing. 


| 2—Open-collector Schottky- clamped transistor output is shown in the 
schematic diagram of this unique OIC. 


Digital delay-by-events unit aids 
scope display of long pulse trains 


PROGRESS IN 
TEST EQUIPMENT 


Analog (time) delay devices, 
when used with an oscilloscope, 
serve well if the desired delay 
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can readily be specified on a 
time basis. However they be- 
come nearly useless if what is 
required is delay by a specific 
number of random or unequal- 
ly-spaced events. It’s for just that 


Because this opto-isolator is a 
true monolithic optical IC, HP’s 
engineers could select an op- 


timum light wavelength for 


high-speed operation. That 
wavelength is approximately 700 
nm. Typical output rise and fall 
times are 25 nsec with propaga- 
tion delay times of 90 nsec max. 
for both tp, and tp). 

Voltage levels are TTL compat- 
ible and fan out for each 
channel is six units max. 
Maximum input current for each 
channel is 20 mA. 

As a typical application for 
these units, they are now being 
installed as part of the original 
construction of a new building. 
Whereas IC line receivers can 
work in noisy environments up 
to several volts, larger voltages 
will destroy them. However HP’s 
optical IC’s can operate in much 
higher noise levels such as 
around motors and generators 
without any difficulty. Other 
applications include _ logic 
ground isolation, computer- 
peripheral interfaces and high- 
reliability systems. 

These units are available now 
in production quantities. The 
5082-4365 is $38.50 (1-99) and $29 
(100-999). 

Hewlett-Packard Co., 1501 
Page Mill Rd., Palo Alto, CA 
94304. Phone (415)493-1501. 

140 


sort of delay—delay by a specific 
number of events—that the 
Tektronix Model DD 501 plug-in 
was developed for the modular 
TM 500 line. It is a digital events 
delay device with  high- 


EDN SEPTEMBER 20, 1974 


impedance (1 MQ) signal input. 
Using five thumbwheels on 
the control panel, the operator 
can set any desired digital count 
from 0 through 99,999. When the 
number of input pulses reaches 
the preset count, the DD 501 
puts out a pulse that can be used 
for triggering an oscilloscope. 


Jitter can’t interfere 


Because the DD 501 creates its 
delay by counting pulses rather 


Bx, OEE, 
Vib oceppoarty 
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The DD 501 pulse-counting delay device 
permits jitter-free scope viewing of 
recorded digital signals from flexible 
discs and other devices prone to speed 
variations. 


than by analog timing of an 
interval, jitter is not a problem 
even when viewing a group of 
pulses toward the middle or end 
of a long train. Events can be 
counted at frequencies up to 80 
MHz, and divide-by-N operation 


extends to 40 MHz. With the 
selected number of events 
clearly displayed on the thumb- 
wheel dials, the operator knows 
at all times what part of a pulse 
train he is viewing on the 
accompanying oscilloscope. 
Meaningful measurements can 
be made on data trains up to 
100,000 bits long. 


Logic systems benefit 


Delay by event is particularly 
useful in troubleshooting asyn- 
chronous logic systems. With 
these systems, it is very difficult 
for an observer to predict how 
much time will elapse prior to 
the pulse group he is interested 
in observing. The number of 
“clocking” events preceding the 
period of interest is, however, 
usually known and can readily 
be set on the thumbwheel 
switches. 

Together with a TM 501 power 
module, the DD 501 forms a 
low-cost, portable means of 
providing an oscilloscope with 
delay-by-event capability. The 
input sensitivity is 85 mV p-p and 
the minimum detectable pulse 
width is 5 nsec. 


Other uses abound 


Almost anywhere long trains of 
serial data are handled, mea- 
surements can be facilitated by 
using the DD 501. Applications 
such as the viewing of selected 
information in data-communi- 
cation pulse trains, examination 
of peripheral-to-central-proc- 
essor data transfer, study of 
individual indexing pulses or 
data segments in disc, drum or 
tape memory systems can readi- 
ly be handled. It is particularly 
applicable to rotating memory 


systems because the jitter 
caused by mechanical speed 
variations is eliminated. 

Price is $495. 

Tektronix, Inc., Box 500, 
Beaverton, OR 97005. Phone 
(503)644-0167. 141 


o{=Tifelalqre, 
6by Grayhill 
as the 
worlds 


smallest 
rotary switch 


tig 
y 


SS S ~ 
‘ 
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diameter less than .300” 









@ Non-shorting...wiping contacts 
... fated to make or break 15,000 
cycles minimum at logic loads. 







M@ Now available with integral knob 
...aS well as screwdriver or 
shaft operated. 







@ For communications circuits, 
electronic stopwatches, and 
other low voltage applications 

, where size is critical 










As the pioneer in switch 
microminiaturization, we present 
our Series 75, designed as the 
smallest the state of the art permits. 
If you think that small switch 
means big price...guess again. 
Here's a lot of switch in a tiny 
package at a cost that’s 
Surprisingly low. Write for Bulletin 
#237 describing these miniature 
switches...and consult EEM for 
more information on Grayhill 
products. 


Grayhill | 


561 Hillgrove Avenue ¢ LaGrange, Illinois 60525 
(312) 354-1040 
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COMPONENTS/ MATERIALS 





LOW-COST 0.3-IN. LED DISPLAYS 
PROVIDE VIEWING TO 12 FT. The TIL312 
and TIL313 7-segment displays offer 
continuous uniform segments, high 
contrast and wide-angle visibility. The 
TIL312 is a common-anode version with 
right- and left-hand decimals, the TIL313 
has common cathode with right-hand 
decimal. $3(100). Availability is 5 wks. 
ARO. Texas Instruments Inc., Box 5012, 
M/S 308, Dallas, TX 75222. Phone 
(214)238-2011. 188 


DIGITAL READOUTS EMPLOY FIELD- 
EFFECT LIQUID XTALS. Both reflective 
(Model 1650-01) and transmissive (Model 
1550-01 P or N) configurations are 
offered in a 3-1/2 decade array. The 
7-segment characters are 0.43-in. high. 
These displays offer significant competi- 
tive advantages, such as lower power 
(1/2 ~W/segment at 10-15V ac, 30-1000 
Hz); faster switching time (40-50 msec); 
higher contrast (25:1); longer life (20,000 
hrs. at 12V ac); and broader operating 
ranges (—10 to +65°C). $21.30(100). 
Industrial Electronic Engineers, Inc., 
7720-40 Lemona Ave., Van Nuys, CA 
91405. Phone(213)787-0311. 189 


epg eor 


MiCROMINIATURE VOLUME CON- 
TROL AND SWITCH FOR HEARING 
AIDS is only 11/64-in. in diameter. The 
CTS S-240 provides rotary switch action 
at the beginning of clockwise rotation. 
The switch is insulated from the 
potentiometer. Resistance values avail- 
able range from 5002 to 1 MQ. Rating is 
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1/20 W at 40°C, and various tapers and 
knobs are offered. With switch, $3.48 
(without, $2.88) in quantity. Delivery is 
approx. 6 wks. ARO. CTS of Asheville, 
Inc., Skyland, NC 28776. Phone(704)684- _ 
6451. 190 





MINIATURE CONNECTOR GRIPS, 
STRIPS, AND INSULATES. Applied with a 
single closure of ordinary hand pliers, 
the Electro-Tap connector eliminates 
conventional wire-stripping and insulat- 
ing steps when tapping into solid or 
stranded wire sizes AWG #14 to #18. 
Tin-plated brass contacts form connec- 
tions, while 2 hinged insulating (nylon) 
wire supports make tapping fast and 
easy. AMP Inc., Harrisburg, PA 17105. 
Phone(717)564-0101. 191 





STICK-ON RESISTANCE HEATERS COME 
IN SQUARES AND RIBBONS. Instant 


heating 115V ‘‘Stik-on Heaters’ are 
paper-thin. The heat is uniform over the 
entire surface, due to their foil 
construction. Stock sizes include 2-, 4-, 
6-, 8- and 10-in. squares and 1- and 2-in. 
ribbons, 6- to 36-in. long. All are 
insulated with fiberglass-impregnated 
silicone rubber and are backed with an 
adhesive capable of withstanding 350°F. 
Sierracin/Thermal Systems, 13920 S. 
Broadway, Los Angeles, CA 90061. 
Phone(213)321-4350. 192 





1/8W CARBON-FILM RESISTORS HAVE 
LOW TC OF RESISTANCE. Mechanically 
interchangeable with all composition 
and most metal-oxide resistors of the 
same power rating, the CF-1/8 features a 
resistance range at +5% of 2.20 to 220 
kQ, max. working voltage of 250V, and 
an operating temperature range of —25 
to +125°C. Max. voltage coefficient is 
—0.01%/V. A superior coating aids 
long-term stability and offers flame 
retardance. Airco Speer Electronics, 
Bradford, PA 16701. Phone(814)362-5536. 
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MOLDED DRY-REED RELAY OFFERS 
10-VA RATING, DIP MOUNTING. Pack- 
aged in 1-piece 0.35-in. high cases, the 
951 series offers 1, 2 or 4 Form-A contacts 
in 5/6, 12 or 24V dc coil ratings. These 


‘relays offer total input/output isolation, 


operate times of 250 to 400 wsec and 
load-handling ranging from signal-level 
to 10 VA switching. Life expectancy is 
100x10° operations at signal levels. 
Operating-temperature span is —40 to 
+105°C. $2.50 to $6. C.P. Clare & Co., 
3101 W. Pratt Ave., Chicago, IL 60645. 
Phone(312)262-7700. 194 





3/4-IN. RECTANGULAR CERMET TRIM- 
MERS MAKE THEIR DEBUT. The 830 
series provides multi-turn performance 
in a 0.74x0.25 x0.19-in. package. Values 
from 100 to 1 MQ with TC of +100 
ppm/°C are offered. Resolution is 
essentially infinite. $1.05 (100). Weston 
Components, Archbald, PA 18403. 
Phone(717)876-1500. 195 
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GENERAL 
ELECTRICS 
TYPE 84F 
TUBULAR 
ALUMINUM 


CUSTOM ELECTRONICS’ 
MICA CAPACITORS: 
short on DELIVERY 
Celilo Meys moi 9 )-V-)| Sd 


That describes our CMR type capacitor, ideal for ‘‘potted-in” 
applications where minimum size and low per-unit cost are im- 
portant. All our dielectric is screened before production to avoid 
failure in the field. 





CAPACITOR.../ 


TYPICAL UNITS: 1 to 10 Qty. 
Installation No. Cap. WVDC Loe Ww x bY Max. Price 


CMRIA102104K 0.1 pf | 1,000 | 2.062” x 1.425” x 0.200" 
CMRIA302104K 0.1 pf | 3,000 | 2.562” x 1.620" x 0.270" 
ee 03 108K 0.07 at | 10,000 | 2.960" x 1.000 x 0.390. 








FREE: ‘Deseriptive TechniTip, 
Pigs a Sample. | Write: 
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\ electrocu be ...has developed thousands 


of EMI filters to meet specific aerospace 
and commercial requirements. Versions have been 
designed with current capacities from 0.1 to 500 amps, voltages to 
5000 VDC and 600 VAC, and DC to 1000 Hz-— intermittent or continuous 
duty-with single and multicircuit configurations. Get 
complete information today on these customized EMI No 
filters; write or call Electrocube, 1710 So. Del Mar Ave., 


San Gabriel, CA 91776 - (213) 283-0511. 
Ae. FREE... 
For more information on these, or any 


capabilities 
' 
of General Electric’s wide range of 


brochure 
capacitors, call your nearest GE sales : | # oh B Ek 





New from General Electric — an 
axial leaded, all welded tubular 
capacitor meeting the high CV small 
case size requirements of today’s 
transistorized electronic 

equipment. Excellent for industrial 
and entertainment applications 
requiring maximum capacitance with 
limited space. Quality constructed 
for long life and high reliability, the 
84F capacitor offers these features: 


@ All welded construction 

® High volumetric efficiency 

@® High ripple current capacity 
@ 1,000 hour life rating at 85 C 


@ Wide range of case sizes and 
voltages 






on request 
office today, or write Section 430-54, 
Schenectady, N. Y. 12345. 


MAKE 
SOMETHING 


GENERAL @@ ELECTRIC FILTERS 
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COMPONENTS/ MATERIALS 





THERMOSTAT FITS EXPORT AND 


US 
REQUIREMENTS. Designed for ac- 


ceptance by both, the 3004 precision 
thermostat employs a patented double- 
riveted contact structure. Narrow or 
wide differentials, with tolerances to 
+3°F, are available. It is factory preset, 
spst, and offers a choice of open or 
closed contacts on temperature in- 
crease. Inexpensive and unsealed, it has 
an 8A, 120V rating. Elmwood Sensors, 
Inc., 1655 Elmwood Ave., Cranston, RI 
02907. Phone(401)781-6500. 196 


OPTICALLY - COUPLED ISOLATOR FEA- 
TURES 15 kV ISOLATION. OPI 120 


consists of an npn silicon planar 
phototransistor coupled with a_ high- 






OUR RESISTORS 
ARE ALWAYS 

















‘MAKES 
’DIFFERENT. 


Consistency is what Shigoto resistors are all about. 

And that’s the important feature that makes them unique. 
They're rugged. Reliable. Regardless of tolerance, rating or 
value. We make a complete line of carbon composition 

or carbon-and metal film fixed and variable resistors. Values 
from 1 ohm to 2.2 megohms. Weldable, solderable leads. 

OTe atx-1aveclehuc Me} (late tomm Ole e-le)[-mexe) (eo) mereleliale B 


efficiency GaAs I|.R. emitter and 
mounted in a high-voltage plastic 
package. Both the phototransistor and 
LED are housed in hermetically-sealed 
TO-18 type configurations. Typical 
current-transfer ratio is 50% with an 
input of 10 mA. $7.50(100). Optron, Inc., 
1201 Tappan Circle, Carrollton, TX 75006. 
Phone(214)242-6571. 197 





METAL GLAZE FILM NETS LOW NOISE 
IN H.V. RESISTORS. Series VR film 
resistors provide noise characteristics of 
0.5 »V/V in resistor values of 1 to 68 MQ. 
Resistance tolerance is +5% and the TC 


accurate rulings 


AT’S 












THEM 






Temperature stability. All this, and fast delivery 
Colo Ma @i i= Tel qe) Uh mel Vi arer-i¢-llole Mm @]ar-t-), aim (emel-t-J10] 4) 
to your specs..And keep us in mind for other 


outstanding O.E.M. components, as well. 


Write or phone for our catalog and more intormation. 


SHIGOTO 


WHEN CONSISTENCY COUNTS. 


OS, igoto Industries Ltd. 


350 Fifth Ave., N.Y. 10001 @ (212) 695-0200 / Telex 224219 
One of the World’s Largest Manufacturing Importers 
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ABSOLUTELY 


the world’s most 


using vacuum deposit 
chrome, etch and fill 
or emulsion processes. 
They’re produced on 
the worlds largest 1 
micro inch numerically 
controlled ruling engine i 
with interferometric 
feedback controls. Need 
precision scales, 
slits, reticles, Ronchis 
numbers, letters, circles, 
dots, or nickel mesh? We 
stock many items for 
immediate delivery. Send 
for brochure No. 38-36. 


of resistance is +200 ppm/°C. Voltage 
limits are 2.5 and 7 kV for 1/2 and 1W 
styles, respectively. A light blue con- 
formal coating provides protection and 
aids identification. Mepco/Electra, Inc., 
Columbia Rd., Morristown, NJ 07960. 
Phone(201)539-2000. 198 





LONG-LIFE REED RELAY CLAIMS TO BE 
SMALLEST AVAILABLE. Claims for the 
Model 7001 include 3V, 60 mW drive 


power, fast switching and 10-million 
cycle life. It is a spdt_ solidly- 
encapsulated unit with switching speed 
of 0.5 to 2 msec. Size is 3/4-in.Lx1/4- 
in.D. $9.50(100). Solid State Electronics 
Corp., 15321 Rayen St., Sepulveda, CA 
91343. Phone(213)785-4473. 199 





Ml 
















IN| 


grids, 





JAMESTOWN, NY 14701 716/488-1958 





Circle No. 52 





% 
at 





THICK-FILM MULTILAYER DIELECTRIC 


YIELDS HIGH RESOLUTION. EMCA 
3186B is a low-K crystallizable thick-film 
dielectric for multilayer high-density 
circuits. Firing temperature is 850 to 
1000°C for 10 to 15 min. at peak 
temperature. When double printed, 
using a 325-mesh screen, fired thick- 
nesses between 1.1 and 1.4 mils are 
obtained. For precision registration a 
blue, organic dye is included that fires 
out, leaving an opaque creamy-white 
film. $25/oz. in quantity. Electro Materi- 
als Corp. of America, 605 Center Ave., 
Mamaroneck, NY 10543. Phone(914)698- 
8434. 200 


CRYSTAL-CLEAR EPOXY RUBBER PRO- 
VIDES SUPERIOR EMBEDMENT. MER- 
ECO 4501, an epoxy-resin system that 
contains no solvents, cures into a 
transparent rubber-like gel. The cured 
material is tough, yet firm and flexible. 
Its low viscosity (approx. 750 cps), 
coupled with a long working life at room 
temperature, allows easy air-bubble 
release and mixing. Electrical specs 
include 450V/mil, dielectric constant of 3 
and dissipation factor 0.02. Mereco 
Products, 530 Wellington Ave., Cran- 
ston, RI 02910. Phone(401)781-4070. 201 


ENCAPSULATED LED INDICATORS 
SNAP-MOUNT INTO PANEL FRONT. 
N503 indicators use GaP LED’s with light 
output (red or green) of 3 mcd @ 20 mA. 
Models are offered for forward voltages 
of 5-6, 12-14, 18 or 28V. Color-coded 
6-in. insulated leads speed assembly. 
Sorenson Lighted Controls, 530 Oak- 
wood Ave., West Hartford, CT 06110. 
Phone(203)236-3267. 202 


ROCKER DIP SWITCHES PROVIDE 
50,000-OPERATION LIFE. Series 76 
rocker DIP units have from 2 to 10 
independent spdt switches. They feature 
easy mounting to a pc board by direct 
flow soldering or insertion into a 
standard socket. Above-board height is 
0.305 in. Make and break rating is 35,000 
operations at 50 mA@ 30V dc. From $2.65 
for a 2-position switch and $4.30 for a 
10-position switch. Grayhill, Inc., 561 
Hillgrove Ave., La Grange, IL 60525. 
Phone(312)354-1040. 203 


VACUUM PICK-UP TOOL OPERATES 
FROM SHOP AIR. Vac-Pic lets you pick 
up, hold and handle small parts, 
components and hard-to-handle items. 
It is air operated and needs no auxiliary 
vacuum pump. Air use is as little as 1/10 
Sft?/min. at 25 psi. It is held like a pencil 
and the operator’s index finger controls 
the vacuum. Bay Vacuum, Inc., 440 
Convention Way, Redwood City, CA 
94063. 204 


ALUMINUM SUBASSEMBLY HOUSINGS 
ACCEPT 0.062-IN. PC BOARDS. SH 
series comprises off-the-shelf kits and 
parts for ‘‘black box’’ subassembly 
housings. They assemble with tongue- 
and-groove interlock. Overall dimen- 
sions range from 2X3x4 to 8X84 in. Kit 
prices range from $7.74 to $27.63. 
Techmar Corp., 2232 S. Cotner Ave. Los 
Angeles, CA 90064. Phone(213)478-0046. 
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WIREWOUND DIP TRIMMER RESISTS 
CLEANING SOLVENTS. Model DW5 is 
available in single or multiple loading 
magazines for manual or automatic 
insertion. Resistance values from 100 to 
50 kQ are offered. The T.C. of resistance 


‘is <50 ppm/°C between —55 and +125°C. 


The trimmers are designed with a 
stand-off for efficient board cleaning and 
their pc pins are gold plated. Minelco 
Div. of General Time, 135 S. Main St., 
Thomaston, CT 06787. Phone(203)283- 
8261. 206 





For A Choice 
Of Rectangular 
Connectors 







MINIATURE, 
GM SERIES 









SUBMINIATURE, 
SGM SERIES 





REMOVABLE CONTACT, GMCT SERIES 


Contact Positronics! 


We offer miniature and sub- 
miniature connectors for rack and 
panel applications. Contact con- 
figuration range from 5 to 104 
contacts. Ampere ratings vary from 
3 to 13 amps. Solder, crimp and 
wire wrap contacts are standard. 
Insulators are DAP or phenolic. 
Complete choice of hoods, shells, 
guides -and threadlocks are 
available. 

Our connectors are mate- 
able and _ interchangeable’ with 
competitve makes and conform to 
Mil. specifications. Delivery: Stock 
to 4 weeks. 


4 Positronic 
industries, Inc. 


1906 S. Stewart, 
CONNECTOR Springfield, Mo. 65804 
DIVISION (417) 883-3434 


Representatives and Distributors 
located in all principal cities. 




















Send for Catalogs. Samples 
available for specific applications. 
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SMILE IS OPTIONAL ON DISC SCR’S. 
Ideal for phase and inverter motor 
controls these SCR’s offer 250A average 
current with 600-1600 voltage rating. CS 
250 phase control and CS 259 inverter are 
packaged in MU 31A pressure cans. Both 
devices have max. peak, 1-cycle surge- 
current rating of 8000A. In 600V, CS 250 is 
priced at $24.40 (100) and CS 259 $64.40 
(100). Brown Boveri Corp., 1460 Living- 
ston Ave., North Brunswick, NJ 08902. 
Phone(201)932-6066. 207 


PRODUCTION IMPATT DIODES COST 
LESS. Two pulsed silicon Impatt diodes 
and 2 CW power sources feature 
generally higher power than the devel- 
opmental devices from which they were 
derived. X-band pulse unit (5082-0710) 
has a peak power of 12W at 10 GHz. 
There are 2 X-band CW units; 5082-0610 
provides 1.5W min. at 11.2 GHz; 
5082-0611, 2.5W at 11.2 GHz. Ku-band 
5082-0716 has 10W peak at 16 GHz. 
Efficiency of these units is typ. 10%. All 
meet MIL-S-19500. $110 to $181 (25-49). 
Hewlett Packard, 1501 Page Mill Rd., Palo 
Alto, CA 94304. Phone(415)493-1501. 208 





MONOLITHIC LOW-POWER OP AMP IS 
PIN-COMPATIBLE WITH 741. The am- 
plifier is specifically designed for very 
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low standby power consumption over a 
wide range of supply voltages. Other 
features are low input current, noise and 
offset. Packaging is in a TO-99 can or 
mini DIP. Pricing is $2-$15 depending 
upon package and temperature range. 
ILC Data Device Corp., Airport Interna- 
tional Plaza, Bohemia, NY 11716. 
Phone(516)567-5600. 209 


NMOS RAM FEATURES 60 nSEC ACCESS. 


This 1024-bit RAM is fully decoded or can 
be OR-wired to expand capacity. +15V 
power supplies are required. A simple 
refresh technique makes the dynamic 
device as easy to operate as a static RAM. 
One pulse on a pin refreshes the entire 
memory. Price, 18-pin DIP, is $13 (500). 
Electronic Arrays Inc., 550 E. Middlefield 
Rd., = ME >View. “CA. 94043. 
Phone(415)964-4321. 210 


RECIRCULATING DYNAMIC SHIFT REG- 
ISTER OFFERS HIGH SPEED. The NEC 
2512 shift register includes on-chip 
internal recirculation logic, built-in 
read-write control and 2 chip-select 
controls for x4 matrix selection. This 
unit can replace delay lines on small 
drum memories. Available in either, 
10-lead TO-100 metal package or 8-pin 
molded mini-DIP, power consumption is 
100 pW/bit. Pricing is $46.60, for the 
10-pin version (100-999). Nortec Elec- 
tronics Corp., 3697 Tahoe Way, Santa 
Clara, CA 95051. Phone(408)732-2204. 211 








3-GHz TRANSISTORS FEATURE LOW 
COST. All units are gold metalized and 
emitter ballasted. Included are 6, 4 and 
1W versions housed in hermetic cer- 
amic-to-metal, flange, stud or pill 
packages. At 3 GHz these units produce 
6W of RF power with 5.2 dB of gain. 
Efficiency is 33% at 28V. Pricing is $95 for 
the 6W units. Power Hybrids Inc., 7281 
Garden Grove Blvd., Garden Grove, CA 
92641. Phone(714)892-4334. 212 


FIRST-IN FIRST-OUT MOS MEMORIES. 
This line of FIFO’s offers max. ripple- 
through time of 8 wsec. The AM 
2813ADM is organized into 329 bits and 
has parallel inputs and outputs. 
AM2812ADM is 328 bits and features 
serial and parallel inputs and outputs. 
Both units are available in 500-kHz 
versions. Price (—55 to 125°C) is $28 


(100-up). Advanced Micro Devices, Inc., 
901 Thompson PI., Sunnyvale, CA 94086. 
Phone(408)732-2400. 
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MINIATURE RED LED OFFERS WIDE 
VIEWING ANGLE. Model 521-9189, a 
GaAsP lamp with peak emission at 6500 
A, provides luminous intensity of 0.5 
mcd. Continuous forward current rating 
(25°C or below) is 40 mA. 15¢(1000). 
Dialight Corp., 203 Harrison Pl., Brook- 
lyn, NY 11237. Phone(213)497-7600. 214 
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BATTERY 


Replace gelled-cells at double the life 
with no increase in cost. 

The Gates Sealed Rechargeable Bat 
tery gives you several times the float life of the — 
best gelled electrolyte battery by eliminating 
outgassing and acid leakage problems. _ 

Available in 1.8AH, 2.5AH and SAH _ 
sizes; 2V, 6V and 12V, or any multiple of 2V a 
special order. +t 

For a free 50-page Application Manual, _. 
write on your letterhead to Bob Doster,Gates 
Energy Products, Inc., Dept. ED-1. 1050 S._ 
Broadway, Denver, Colo. 80217. ed call (30a 
744-4806. 


Gates Energ Promeane Inc. 


A subsidiary of The Gates ae ene 
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SEASTROM OFFERS ITS ALL NEW 
COMPREHENSIVE CATALOG 
#40B. This 250 page catalog fea- 
tures the company’s full range of 
products in a colorful book spe- 
cially indexed for ready reference. 


Including such items as... 


Flat Round Washers—Metallic 
Flat Round Washers—Non-Metallic 
Spring Washers 
Shoulder Washers 
Tab & Notch Washers 
Washers—Miscellaneous Configurations 
Expansion Plugs 
Military Standards 
Clamps & Brackets 
Spring Clips 
Solder Lugs 
Solid State Insulators 
Bus Bars, Terminal Blocks & 
Insulating Strips 
Miscellaneous Electrical/ 
Electronic Hardware/Tags 
Sheet Metal Nuts & Strips 
Engineering Tables, Materials & 
Finish Specifications 
Numerical & Alphabetical Index of Parts 
No need to design it... you will un- 
doubtedly find it in Seastrom’s Cata- 


log all stocked for immediate deliv- 
ery... write to 


&y SEASTROM 


MANUFACTURING CO., INC. 
701 SONORA AVE., DEPT.H-9-20 
GLENDALE, CALIF. 91201 

(213) 245-9121 + TWX 910-497-2271 
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SPRING CLIPS. WASHERS - ALL TYPES 
; WALITARY STANDARDS 
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S OL OK TERMINALS 


CLIP ONTO SUBSTRATE. 
THERE’S NO DRILLING. ..NO BREAKAGE! 





These Ceramic Substrate Connectors clip-in-place on 
the substrate and mechanically hold their position 
until wave soldered for a permanent connection. No 
drilling is required. DIP-CLIP type mounts onto DIP 
packs; EDGE-CLIP is designed for edge mounting. 
Available in brass, phosphor bronze or steel. Supplied 
in strip form for manual operations or for Berg high- 
speed application machines which assure higher 
assembly rates while lowering applied costs. Berg 
also offers fast turn around in designing special con- 
nectors. and application tools for large-volume 
applications. Write for Catalog 124, or call: 


*DuPont Trademark 


" REG. U.S. PAT. OFF 


New Cumberland, Pa. 17070 Phone: (717) 938-6711 





ELECTRONICS 


Division, E. |. du Pont de Nemours & Co. 
(INCORPORATED) 
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#840P “Squaretrim” 
34” Cermet 


#1000-00HS 
14,” Wirewound 


STANDARDIZE ON 


WESTON 


“TOTAL-CONTROL”’ 
POTENTIOMETERS 


Weston “Total-Control’’ Potenti- 
ometers are produced under 
controlled environmental condi- 
tions. Step by step the design 
concept provides for rigid quality 
requirements beginning with ma- 
terial through parts production, 
assembly and final test and inspection. Product control for the ultimate 
in reliability extends even to kilning our own ceramics for the Weston 
Cermet Line. Custom-design service is available where no Standard 
Model in any series meets exact individual requirements. Consult your 
Weston Representative. 


Write for Weston Bulletin — ‘‘Lots of Pots.”’ 


WESTON COMPONENTS 
WESTON ARCHBALD, PENNSYLVANIA 18403 
TEL. (717) 876-1500 


TWX 510 656-2902 
TELEX 83-7443 


#830P “Rectilinear” 
34," Cermet 


CERMET and WIREWOUND 
GENERAL PURPOSE POTS 
SQUARE © RECTANGULAR @ ROUND 


Full range of sizes... 
military grade also available 








Schlumberger 
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SEMICONDUCTORS 


MOS/ROM REQUIRES NO CLOCK 
UNIT. A new 16k MOS/ROM operating 
statically with an access time of 950 psec 
requires no external address decoding. 
These circuits are already on the chip 
and consequently need no pull-up 
resistors for TTL logic. The EA 4900 is 
packaged in a 24-pin ceramic or 
silicone-molded DIP. $28 (100). Electron- 
ic Arrays, Inc., 550 E. Middlefield Rd., 
Mt. View, CA 94043. Peay. aeR 


TRANSISTORS OFFER 65A CAPABILITY. 
This series, available in TO-68 packages, 
can operate at 80V peak. These devices 
have applications in computer peripher- 
als, communications equipment, in- 
verters and converters, audio amplifiers 
and battery-operated equipment. Prices 
range from $4-$19 according to quanti- 
ties. Germanium Power Devices Corp., 
Box 65, Shawsheen Village Station, 
Andover, MA 01810. 216 





WIDE-BAND OP AMP OFFERS QUICK 
SETTLING. This FET IC op amp provides 
max. settling time to 0.01% of 600 nsec, a 
20-MHz bandwidth at unity gain and a 
slew rate of 100V/ysec. The 3550 K offers 
the same slew rate when operated as an 
inverter or noninverter. Typical dc 
open-loop gain is 100 dB and input 
impedance is 10". Small quantities, 
$18. Burr-Brown, International Airport 
Industrial Park, Tucson, AZ 85734. 
Phone(602)294-1431. 217 
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FOUR NEW IC’S JOIN SCHOTTKY LINE. 
These high-speed TTL circuits in 16-pin 
DIP’s were developed for computer- 
based instrumentation. The N74S86 quad 
exclusive-OR offers 7 nsec delay time. 
$1.94 (100). N74S133, a 13-input NAND 
gate, features 6 nsec propagation time. 
54¢ (100). N74S134 is a 12-input NAND 
gate providing bussing capabilities and 
tri-state outputs for wired OR’s. N74$138 
is a 3- to 8-line decoder/demultiplexer. 
$4.86 (100). Signetics, 311 E. Arques Ave., 
Sunnyvale, CA 94086. Phone(408)739- 
7700. INQUIRE DIRECT. 





FET ANALOG SWITCHES CUT COSTS. 
Designated DDC 1101-1108, each pack- 
age contains up to 4 channels of analog 
switches. The need for an external driver 
is eliminated. The 1101-1104 devices, 
driven directly from low-level TTL logic, 
multiplex and commutate into a virtual 
ground of an op amp. 1105-1108 devices 
consist of floating switches and are 
capable of switching 0 to +20V dc 
signals. The ON channel resistance for 
the entire series is < 1500. In moderate 
quantities the price is $1. ILC Data 
Device Corp., Airport International 
Plaza, Bohemia, NY 11716. 
Phone(516)567-5600. 218 


PLASTIC VERSIONS OF 3 ISOPLANAR 
RAM’S INTRODUCED. The first 1024-bit 
bipolar memory introduced is now 
available in plastic. Pricing is $22 in 
100-piece quantities. 256x1-bit mem- 
ories with open collector output and 
3-state output are priced at $12.40 in 
100-piece quantities. Fairchild Camera & 
Instrument Corp., 464 Ellis St., Mt. View, 
CA 94040. Phone(415)962-5011. 219 


ERROR DETECTION-CORRECTION CIR- 
CUITS INTRODUCED. These IC’s gener- 
ate modified hamming SEC-DED codes 
to correct erroneous bits in storage or 
data transfer. The MC10163 is specifically 
designed for error correction of the 
SEC-DED code used in IBM 370/145 
memory. Packaged in a 16-pin ceramic 
DIP, these units are rated for —30 to 85°C 
operation. Motorola Inc., Semicon- 
ductor Products Div., Box 20924, 
Phoenix, AZ 85036. Phone(602)244-6900. 

220 


GaAs VARACTOR DIODES PROVIDE 
Q’S FROM 2400 TO 5000. These 
gallium-arsenide varactor diodes offer 
Capacitance ratios up to 6:2. Multiple- 
lead internal construction minimizes 
series inductance. Total capacitance 
values may be specified from 0.5 pf to 5 
pf with +10% tolerance. Price in small 
quantities is $75 each. Varian, Solid State 
West Div., 611 Hansen Way, Palo Alto, 
CA 94303. Phone(415)493-4000. 221 





VOLTAGE REF. FEATURES STABILITY OF 
40 PPM/°C, 25 .V/MO. This low-current 
device offers advantages over a zener 


diode. Quiescent current is 1.5 mA 
max.; turn-on time is 6 psec. The AD580, 
a 3-terminal device, provides a2.5V +2% 
output for inputs between 4.5 and 30V. 
$2 (100). Analog Devices Inc., Box 200, 
Rte. 1 Industrial Park, Norwood, MA 
02062. Phone(617)329-4700. 222 
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The Model 1858 is acomplete portable system, 
with 18 channels, its own plug-in signal conditioning 
for voltage and transducer measurements plus 
internal paper take-up. 

Size-wise, the 1858 is the ultimate in portability, 
everything in a package only 834” high, take-along 
65 pounds light. : 

Performance. Excellent transient response (each 
channel has dc to 5,000 Hz response plus 42 discrete 
paper speeds up to 120 ips.) Superb signal repro- 
duction dueto CRT recording. — _ | 
Set-up ease. All you do is plug in power cord and 

nect input cables. Easy to use as an oscilloscope. 
separate cases to mount, no interconnect cabling, 
no powders, ink, styli, chemicals orheatersto mess with. 














e For Information Circle No.7 _ For Demonstration Circle No. 8 





You get the most useable, accurate record 
available. Superior 0.5% linearity at full paper width 
deflection. No fat static traces, no wipe-out, no 
overshoot, even on square wave pulses, for easier and 
more accurate analysis. You get precision time lines 
and a positive trace identification system. Plus more 
versatility... achoice of plug-in signal conditioning 
modules including high, medium and low-gain 
differential amplifiers; a strain gage unit; a 
thermocouple control unit and a module for inter- 
facing with unique signal conditioning. 

Want to know more? Write or call our expert, 

Lloyd Moyer, Honeywell Test Instruments 
Division, P.O. Box 5227, Denver, CO 80217. 
(303) 771-4700. 


Not only the smallest 
and best, but the newest 
and easiest-to-use 
complete graphic data 
- acquisition system. The 
834” high Honeywell 1858. 


un 





EQUIPMENT 


CONVERTER/CALCULATOR HANDLES 
112 DIRECT CONVERSIONS. The Rock- 
well 203 is a pre-programmed universal 
converter that handles US, metric and 
imperial constants. It converts length, 
volume, area, temperature or weight. 
There are 2 fully-addressable memories, 
so that 203 can be used in calculating 
basic arithmetic functions, chain calcula- 
tions and calculations with fractions and 
decimal numbers. Price, including bat- 
teries and ac charger, is < $140. Rockwell 
International, 950 DeGuigne Dr., Sun- 
nyvale, CA 94086. Phone(408)735-7000. 

7 224 


DMM/COUNTER OPERATES ON BAT- 
TERIES. Model 4440 measures ac and dc 
volts, ac and dc current and resistance 
—and counts frequency to 10 MHz. It 
will operate for approx. 6 mo. from 
disposable alkaline batteries (ac line 
operation and rechargeable batteries are 
optional). Accuracy is 0.05% on dc volts 
and 0.01% on count. $299. Valhalla 
Scientific, Inc., 7707 Convoy Ct., San 
Diego, CA 92111. Phone(714)277-2732. 

225 





DIGITAL TEMPERATURE INDICATOR 


FITS STANDARD DIN CUTOUT. Model 
200, designed to replace analog indi- 
cators in the OEM and process-control 
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industries, operates in either °F or °C 
with J-, K- and T-type thermocouples. 
Featured are 1° resolution, 3-1/2 digit 
bipolar Beckman display, automatic 
cold-junction reference and a thermo- 
couple break detector. $195. Sentel 
Corp., 4015 Fabian Way, Palo Alto, CA 
94303. Phone(415)324-1761. 226 


SWEEP/FUNCTION GENERATOR 
CLAIMS $150 PRICE EDGE. Model 196 
generates sine, square, triangle, ramp, 
pulse and swept waveforms as well as a 
ramp sync output and a separate TTL 
pulse output. Frequency range is 0.1 Hz 
to 1 MHz, with 20V p-p output. The 
internal sweep generator provides 
1000:1 sweep width at rates from 1 msec 
to 10 sec. Typical sine distortion is < 
0.5%. There is a_ voltage-controlled 
frequency (VCF) input. $350. Exact 
Electronics, Inc., Box 160, Hillsboro, OR 
97123. Phone(503)648-6661. 227 





AUTORANGING MULTIFUNCTION 


COUNTER FEATURES AUTORESET. The 
80-MHz Model 1900A with advanced 
MOSI/LSI circuitry has autoreset on all 
functions, gate times, filter and attenu- 
ator. Its autoranging is effective in both 
frequency and period measurement 
modes but 4 over-riding gate times 
permit manual selection of resolution to 
0.1 Hz. The 1900A can totalize, measure 
frequency and period, and count events 
up to 10°. Sensitivity is 25 mV. $349. John 
Fluke Mfg. Co., Ltd., Box 1094, Station D, 
Buffalo, NY 14210. Phone(716)842-0311. 

228 


CALCULATOR-BASED SYSTEM LOGS, 
COMPARES AND ANALYZES DATA. The 
31/53 has many minicomputer capabili- 
ties, but doesn’t require knowledge of a 
computer language to operate. It 
combines the concept of a stand-alone 
data recorder and data analysis computa- 
tion. The system includes the Tektronix 
31 calculator, a mainframe power 
source, an interface plug-in, standard 


software for data acquisition and 
analysis, and standard options and 
accessories. $3995. Tektronix, Inc., Box 
500, Beaverton, OR 97005. 
229 


Phone(503)644-0161. 





12V WIND-POWERED GENERATOR 
CHARGES WITH 7-MPH WINDS. The 
No. 19,189’s 6-ft propeller, built on the 
Albers Air-Foil principle, turns a 200W 
generator with fully-sealed grease bear- 
ings. An air-brake governor automatical- 
ly prevents overcharging. The enclosed 
collector ring with double carbon 
brushes protects against dust, frost and 
ice. The 4-leg angle iron tower is 10 ft 
high. $475 postpaid, including instru- 
ment panel but without 12V battery. 
Edmund Scientific Co., 380 Edscorp 
Bldg., Barrington, Nj 08007. 
Phone(609)547-3488. 230 


2-CHANNEL, 200 MHz SCOPE HANDLES 
COMPUTER SERVICING. Model 1710B, 
with deflection factors to 5 mvV/cm, 
sweep speeds to 1 nsec/cm and 
frequency response to 200 MHz, is 
well-suited for servicing computers that 
use ECL 10K or Schottky TTL logic. Its 
tight accuracy, delayed sweep and stable 
triggering all add to the capability—and 
the price of $2625 makes it affordable. 
Hewlett-Packard Co., 1501 Page Mill Rd., 
Palo Alto, CA 94304. Phone(415)493-1501. 
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12-IN. X-Y DISPLAY SCOPE SUITS 
PRODUCTION TEST NEEDS. Model 
1901A has an extremely stable, low-noise 
vertical amplifier with sensitivities from 1 
mV/div. and a 15-kHz vertical B.W. The 
9-kV accelerating potential provides a 
bright, narrow trace. There are separate 
intensity controls for the beam and an 
intensity marker. Protection circuits 
automatically blank off the trace in the 
event of no horizontal input. $475. 
Wavetek, Indiana Inc., 66 N. 1st Ave., 


‘Beech Grove, IN 46107. Phone(317)783- 


3221. 232 
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The standard voltage/current 
generator is programmable 
and employs a calibration-free, 

pulse-width modulation method. 














e RANGE: OUTPUT VOLTAGE 1uV-1199.999V; OUTPUT CURRENT 1mA- 
119.9999mA ¢ ACCURACY: +0.001% (DCV), +0.004% (DCA) TRACEABLE TO THE 
NATIONAL STANDARD e STABILITY: +0.0005%-OF-SETTING A DAY @ PRO- 
GRAMMABLE BY 14 BUILT-IN MEMORIES, MANUAL AND EXTERNAL ¢ EXTER- 
NALLY CONTROLLABLE ¢ CONTINUOUSLY VARIABLE OUTPUT SETTING 


The 6120. is a standard voltage/current generator which employs a unique pulse-width modulation 
method (wherein the reference voltage is divided by pulse trains made by the logic circuits). Because 
of the pulse-width modulation method, the stability of the output is excellent and calibration-free. 


The 6120 has 14 built-in memories into which output, limit level, polarity and range can be programmed. 
The programmed output can be taken out in either random, step, single-scan, or repeat-scan modes. 
The 6120 is remotely controllable for systems application. The unique feature of the generator is it’s 
continuously variable 3 digits. Output setting of any 3 continuous digits can be continuously varied 
by one control switch. This is convenient in setting continuously varying output. 


Thanks to these features, the 6120 has a wide range of application which includes application to an 


- automatic test of components, and instruments such as variable capacitors, diodes, transistors, A/D 


converters, meters, PC boards, amplifiers and many others. 
Illustrated below is one of the application examples. 


INTERNAL OR EXTERNAL DUT DIGITAL 
CONTROL fio A/D CONVERTER COMPARATOR ANP RO 
BCD 


OUTPUT 


Programmed outputs in the 14 channels are fed into the input of the A/D converter in a desired scan- 
ning mode. The output of the BCD is then compared by the digital comparator. Compared linearity 
of the A/D converter is thus easily tested. 


For further information and a demonstration, please call or write T.R.I. Corp. 





505 West Olive Avenue @ Sunnyvale, California 94086 ¢ Tel: 408-733-9080 
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4-1/2 DIGIT DMM COMBINES LOW 
PRICE, LONG-TERM STABILITY. Thanks 
to the use of precision wirewound 
resistors and socketed IC’s, Model 4140 
will operate over long periods and wide 
temperature extremes without a reduc- 
tion of accuracy. It also needs fewer 


calibrations than most multimeters. A. 


Beckman display insures ease of reading. 
$495. Berkeley Instruments, Inc., 1701 
Reynolds, Santa Ana, CA 92705. 
Phone(800)854-3253. 233 


PROCESS MONITORING SYSTEM EM- 
PLOYS MICROPROCESSOR. A DDAS, 
the Autodata Eight, comprises a ready- 
to-operate, 40-channel system that is 
expandable to 1000 channels. Priced at 


$4950, it is suited for monitor, alarm and | 


contro! applications. Available options 
and peripherals include 7- or 9-track 
magnetic tape, tape cassette, punched 
paper tape, keyboard/CRT units, data 
modems and high-speed printers, digital 
inputs, alarm and control panels. Vidar 
Autodata Inc., 265 N. Whisman Rd., Mt. 
View, CA 94040. Phone(415)965-3050. 234 


COORDINATOGRAPH SPEEDS UP 
PROCESSING ON PC ARTWORK. Draf- 
tek Model 1210’s tungsten-carbide 
scribing blades in rack and pinion 
controlled tools produce intricate, 
One-to-one designs with dimensional 
accuracy of +0.002-in. Photo-processing 
delays are eliminated. Thin, closely- 
spaced circuit paths, for example 0.15-in. 
wide paths on 0.01-in. spacing, can be 
laid down consistently. $1800. Mexel, 
Inc., Box 599, Lebanon, NJ 08833. 
Phone(201)534-2000. 235 


REMOTE CONTROL IS STANDARD ON 
MULTIFUNCTION COUNTER. On the 
OEM Model 2319FE all functions are 
remotely or locally controlled by 
noncritical TTL/DTL signals. Capabilities 
include time-interval measurements of 
pulse width, period, B-A (to 100-nsec 


98 


resolution), frequency (0.1- , 1- , 10-sec 
time base), events period B, events B-A 
and frequency ratio E/B. Price with 
0.0025% time-base accuracy, $725. 
Modular Devices, Inc., 1385 Lakeland 
Ave., Bohemia, NY 11716. 
Phone(516)567-9620. 236 


POWER-LINE SURGE PROTECTOR 
HANDLES 15A AT 115V. The Model 425 
attaches to a standard convenience 
outlet (gem-box type) and accepts 
3-prong line-cord plugs. It provides 
3-step protection—gas tube, circuit 
breaker and fuse (the first 2 are self 
restoring). $24.95. Telecommunications 
Industries, Inc., 1375 Akron St., Copia- 
gue, NY 11726. Phone(516)842-5000. 237 





DIGITAL FREQUENCY MULTIPLIER AC- 
CEPTS ALL INPUT WAVESHAPES. Model 


700 multiplies the frequency of an input 
signal by the ratio A/B, where both A and 
B can be preset to any integer from 1 to 
1023 by front panel switches. The input 
audio-frequency waveshape can be sine, 
triangle, square or complex. The output 
is a square wave with 50% duty cycle. 
$769. TDL of Las Cruces, P.O. Drawer H, 
Las Cruces, NM 88001. Phone(515)382- 
5574. 238 


OPEN-FRAME SWITCHING POWER 
SUPPLIES HAVE 2-YR WARRANTY. Type 
SRS/SRX supplies employ computer- 
grade electrolytics, plug-in IC regulator 
and conservative ratings. Models are 
available that provide 5V at currents from 
3 to 15A (12, 15 and 24V models, too). 
Pricing runs from $40 up. NJE Corp., Box 
50, Culver Rd., Dayton, NJ 08810. 
Phone(201)329-4611. 239 


OEM MINIATURE PRINT MECHANISM 
HANDLES 15 COLUMNS @ 3L/SEC. The 
2090 Microprinter has a single print 
hammer for each 3 print columns, so 





only 5 hammers and actuators are 
needed for the standard 15-column 
model. An ac motor speeds start/stop 
operation. The printer uses a disposable, 
snap-in ribbon cartridge with a 2-color 
ribbon. Size is 5.4x5.2x2.3-in. and 
delivery is 90 days ARO. Mohawk Data 
Sciences Corp., Box 362, Utica, NY 
13503. Phone(315)792-2202. 240 


OFS: 


PUSHBUTTONS CONTROL DISPLAYS 
ON AUTOMATIC-TRIGGERED SCOPE. 
The PS 29’s pushbutton displays include 
TV vertical, TV horizontal, 3.58 MHz for 
viewing the color subcarrier informa- 
tion, 5X expand and a completely front 
end vector display. The sixth button sets 
the scope for 60-Hz line sweep. Other 
features include dc coupling, 5000V ac 
input protection, 10-MHz bandwidth 
and 10-mV sensitivity. $495, probe 
included. Sencore, Inc., 3200 Sencore 
Or: Sioux Falls, SD. 7 4074 
Phone(615)339-0100. 241 
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—65/+200°C WITHOUT AN ENVIRON- 
MENTAL CHAMBER. The Model TP27 
Super ThermoSpot® has 2 independent 
temperature-controlled heads that can 
bring a 40-lead hybrid or LSI to —55°C or 
+125°C within 45 sec, and to —65°C or 
+175°C within 90 sec. Its accuracy is 
+1°C and stability is +0.3°C. Narrow- 
band proportional dc control is used. 
Delivery: 6-10 wks. ARO. Temptronic 
Corp., 40 Glen Ave., Newton, MA 02159 
Phone(617)965-3420. 242 


EDN SER LEMBER 20. 1974 


| een in hall com- 


) ao > or ews in price, with 
eon 1720A. Just 


— 200M yt at just eee! for 
. id-service applications. 


__ *Domestic USA prices only. 


PACKARD 


Sales and service from 172 offices in 65 countries. 
195 Page Mill Road: Palo Alto, California 94306 
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LOW-COST CASSETTE SYSTEM IS BUILT 
FOR MINIS. Sykes tape model 80 is a 
low-cost, high performance, sequential 
cassette system. It includes off-the-shelf 
interfaces and software drivers for most 
minicomputers: DEC, Data General, 
DCC equivalent, Varian, HP, Micro and 
CIP. The system features a speed of 9600 
bps, rewind at 120 ips and capacity of > 
30 (4k) programs/cassette (2.8 Mbits.) 
$1500. Sykes Datatronics Inc., 375 
Orchard St., Rochester, NY 14606. 
Phone(716)458-8000. 267 





PICTURE, PATTERN, 
OR PLOT 























Now you can afford to add instant graphic 
hard copy output to your data terminals, 
storage tubes, computer outputs, SSTV, 
scanning sensors. 


= Get low cost hard copy by instant 
graphic recording on ALFAX Type A 
electrosensitive paper where electricity 
is the ink. 


= Interface ALDEN “Flying Spot’’ Com- 
ponent Recorders by simple synchronizing 
with your sweep circuit or scanning sensors 
and record directly from your target or 
cathode signal current. 


Send for free brochure: 
‘ALDEN Components to Picture, 
Pattern or Plot’ 








ELECTRONIC | & IMPULSE RECORDING EQUIPMENT CO.. INC. 


Westboro, Mass.01581 Tel: (617) 366-8851 TELEX: 94-8404 
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FLOPPY-DISC TESTER PERFORMS 
QUALITY CONTROL INSPECTION. Tes- 
tette model 33FD is offered to both 
manufacturers and large end-users to 
establish the quality of floppy discs. It 
tests for modulation, missing pulse and 
extra pulse with a throughput of 1, 1.6, 
or 3.2 minutes. Tests are made at 
singular, adjustable analog clipping 
levels and performed over 234 tracks. 
Delivery is 90 days ARO. $18,500. Three 


Phoenix Co., 10632 N. 21st Ave., 
Phoenix, AZ 85029. Phone(602)944-2222. 
268 





CONTROLLER INTERFACES MINI’S CPU 
TO QUALITY PERIPHERALS. The model 
CPC 100 character printer controller 
interfaces the Computer Automation 
Alpha 16, LSI-1 and LSI-2 to either the 
Diablo (Xerox) model 1200 Hytype or the 
Qume Q30 and Q45 character printers. 
This controller provides proportional 
spacing, 2-color ribbon and incremental 
plotting for a print speed of 45 cps. A 
keyboard input option is available. $450. 
MiniComputer Technology, 1901 Old 
Middlefield Way, Mt. View, CA 94043. 
Phone(415)965-4567. 269 


8-CHANNEL COMMUNICATIONS MUX 
IS READY FOR THE PDP-8/E. Combining 
8 duplex asynchronous serial line 
interfaces—a multiplexer and a com- 
puter interface on 1 multilayer pc 
board—the SLIM (Serial Line Interface 
Module) board gives PDP-8/E computers 
a new communications capability. Trans- 
mit and receive frequencies are select- 
able from 12 crystal-controlled and 3 
adjustable ones (50 to 9600 baud). The 
interface was designed for ease of 
programming systems that handle mul- 
tiple serial communications lines. $1980. 
Computer Interface Systems, Inc., Box 
58, Piscataway, NJ 08854. Phone 
(201)463-8279. 270 


LONDON FIRM OFFERS TI USERS 
LOW-COST INTERFACES. Users of TI 960 
and 980 series computers now have an, 


English source for interfaces. An 
interface for any Centronics printer, 
complete with cable and software driver, 
sells for $500. An adapter unit that allows 
the use of a Diablo mode! 4043 disc unit 
with a Tl series 30 disc controller is 
priced at $375. No software modification 
is required. Coltec Data Systems Ltd., 17 
Elm  St., London WC1X~— OBJ. 
Phone(01)837-0647. 271 


REMOTE CONTROLLED CASSETTE 
DECK OFFERS DEPENDABILITY. Featur- 
ing design simplicity, this high sound 
fidelity cassette-tape transport is avail- 
able for <$100. Originally designed for 
classroom work, the deck is ideal for dial 
access retrieval, telephone answering 
systems, dictation equipment and digital 


_ or analog signal recording. Four separate 


motors allow complete remote control 
of take-up, rewind, play or record and 
head engagement. Individualized In- 
struction, Inc., Box 25308, Oklahoma 
City, OK 73125. Phone(405)528-8444.272 


4k 9-BIT nMOS MEMORIES PROVIDE A 
CHOICE IN SPEEDS. The MICRORAM 
1200N and 1210N systems feature small 
board size, TTL compatibility and a 
variety of bit configurations. The 
memory systems consist of a 4096 word 
9-bit semiconductor array with support 
electronics that provide address and data 
buffering, timing and control. Optional 
bit configurations provide the user with 
custom memory capabilities. Access and 
cycle times range between 900 and 275 
nsec. Priced from $495 to $617, with 
delivery 60 days ARO. Electronic Memo- 
ries & Magnetics Corp., 12621 Chadron 
Ave., Hawthorne, CA 90250. Phone 
(213)675-6303. 273 


8-DIGIT CALCULATOR CIRCUIT HAS 
INDEPENDENT MEMORY. The MK 
50203N, a MOS/LSI calculator device, 
features 4 functions, percentage, auto- 
matic constant, reciprocal calculation, 
exchange (display and constant register) 
key, floating point operation and leading 
zero blanking. Single voltage operation, 
direct segment drive to LED displays, low 
power consumption and scan keyboard 
entry make it suited for hand-held 
calculator applications. $6 in a 28-pin 
plastic package. MOSTEK Corp., 1215 W. 
Crosby Rd., Carrollton, TX 75006. 
Phone(214)242-0444. 274 
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TEMP-R-TAPE: | 


GREAT ELECTRICAL 
PROPERTIES 


PLUS 


MOST ANYTHING 
ELSE YOU MIGHT 
WANT IN A TAPE. 


Like high tensile or tear 
strength; excellent abrasion, 
thermal, and chemical 
resistance; exceptional 
dimensional stability; 
excellent conformability; and 
a low-friction, easy-release 
surface. Because 
Temp-R-Tape® is a complete 
tape ‘‘family’’ available in a 
variety of materials like 
polyester, polyester/rope 
paper laminate, Teflon’, 
Kapton*, and fiberglass. 
Supplied with thermosetting, 
silicone, or acrylic pressure- 
sensitive adhesive. 


Find your CHR distributor in 
the Yellow Pages under 
“Tapes, Industrial’ or in 
industrial directories. Or 

write for details and sample. 
The Connecticut Hard Rubber 
Company, New Haven, 
Connecticut 06509. 


*T.M. of DuPont 


an ARMCO company 
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With a Joslyn 2000 series gas tube protector on your 
equipment, you have a special kind of protection against 
damage from lightning, power surges and other transients. 
Joslyn engineers call it “protection plus.” First, nano sec- 
cond response to the fast rising transients. Plus, repeatable 
response for consistently reliable protection on each tran- 
sient. Plus environmentally sealed, no noise, no mainte- 
nance, low cost. Plus each Joslyn unit is 100% tested. 
That means “protection p/us” for solid state components, 
RF systems, CRT’s etc. Backed by 73 years of Joslyn 
experience, the cocky little transient quencher can be de- 
livered from stock in a variety of breakdown voltages. 


* 62 cents each in quantities of 1,000! 


Special “protection plus” offer: For AC power protection, 
we'll send you your own copy of Joslyn’s 24-page, illustrated “AC 
Arrester Guide” as long as the supply lasts. Please write or call 
us today. 





JOSL 


ELECTRONIC SYSTEMS 


Joslyn Electronic Systems, Santa Barbara Research Park, 
P.O. Box 817, Goleta, Calif. 93017, Tel. (805) 968-3551 
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COMPUTER PRODUCTS 





HAND-HELD DIGITAL MEMORY SCOPE 
IS PORTABLE. The Mitscope MS-416 is 
used for diagnostics in electronic 
calculators, digital clocks and timers, 
automotive electronics and other digital 
circuitry. It features a 4-channel capabili- 
ty, anormal or storage mode and a time 
base adjustable down to 0.5 psec. MITS, 


inc., 6328 Linn, N.E., Bok 8636; 
Albuquerque, NM 87108. 
Phone(505)265-7553. 275 


HALF-PAGE ALPHANUMERIC IMPACT 
PRINTER CUTS COSTS. The Matri-Dot 
alphanumeric tape printer DMIP-2 prints 
40 columns at 100 cps into a 7x5 dot 
matrix to form a full ASCII set of 64 
characters on 6 in. roll paper. An inked 
platen yields 200,000 lines of print and 
eliminates ribbon foul-ups. DMTP-2 is 
available with all common interfaces 
including RS-232. Size is 14-1/2x 
8-1/2 5-1/4 in. Delivery is 4 wks. ARO. 
$701. Practical Automation, Inc., Trap 
Falls Rd., Shelton, CT 06484. Phone 
(203)929-1495. 276 





MOS-LSI REDUCES PRICE OF ALL- 
DIGITAL 9600 BPS MODEM. It also gives 
this M-96 modem superior performance 
on basic 3002-type lines. Designed for 
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use in 4-wire point-to-point applica- 
tions, the M-96 operates at 9600, 7200 or 
4800 bps as set by the user. It includes 
extensive test features and offers a wide 


range of options that includes 2- or 


4-port multiplexers and remote test 
(including remote loopback). Available 
90 days ARO. $5000. Paradyne Corp., 
8550 Ulmerton Rd., Largo, FL 33540. 
Phone(813)536-4771. ZT. 





“STOP WATCH” AUDIO/VISUAL SIG- 
NAL INCREASES JOB THRUPUT. Using 
an audible tone plus a blinking light, this 
device automatically notifies the oper- 
ator when System/3 computers are in a 
halt or stand-by mode. It eliminates 
non-productive computer time and frees 
the operator from the need to periodi- 
cally check the computer. Only the size 
of a small hand calculator, it is easily 
installed behind the CPU front panel. 
$150. Business Systems Technology, 1215 
W. Katella Ave., Orange, CA 92667. 
Phone(714)997-1450. 278 


Little 





LOW-COST DATA SET EMULATES EX- 
PENSIVE PRIVATE LINES. Directran, an 
asynchronous data set, is used to serve 
in local or point-to-point networks up to 
22 miles from a central processor. It 
connects computer terminals to a 
front-end processor and as such 


interfaces directly with teletypewriters, 
CRT’s, graphic terminals, printers and 
data acquisition systems. Contained ona 
single board, it operates at rates up to 
2400 bps. Prices start at $370. Computer 
Transmission Corp., 2352 Utah Ave., El 
Segundo, CA 90245. 279 





BASIC LANGUAGE ROUTINES GET EASY 
ACCESS TO FOURIER DATA. Option 720 
adds BASIC to the model 5451B Fourier 
analyzer system. Users can now synthe- 
size and do point-by-point arithmetic on 
Fourier data called from disc storage. 
With keyboard entry of Fourier opera- 
tions and terminal entry of Basic 
programs, a needed communication link 
is formed by the common storage use of 
a mass disc peripheral. Call statements 
link subroutines and programs into one 
continuous system. $1500. Hewlett- 
Packard Co., 1501 Page Mill Rd., Palo 
Alto, CA 94304. Phone(415)493-1501. 280 





LOW-COST BIT SYNCHRONIZER HAS 
8-CHANNEL CAPACITY. The 4904 Series 
system handles all common codes 
(NRZ-L, M, S; BI-O@-L, M, S$; RZ or DM-M, 
S). Code conversion option outputs 
constant NRZ-L. Tunable from 15k bps to 
4M bps, it allows reproduction and 
processing of serial bit streams without 
prior knowledge. Automatic switching of 
synchronizer bit rates is provided by the 
recorder tape speed control. $9000, 
$12,000 with conversion. Data-Control 
Systems, Inc., Commerce Dr., Danbury, 
CT 06810. Phone(203)743-9241. 281 
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Not New...Just the Best 
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WIDEST SELECTION OF MINIATURIZED CERAMIC 

CAPACITORS IN THE INDUSTRY! } 

Erie is in the Red Cap winner's circle because of a well engineered component 
that’s backed by a unique process control system. Combine this with talented, 
motivated people and you have Erie as the leader in its field. These tiny high 
quality capacitors are not new... but they are the best. Our customers 

attest to it. Our test laboratories prove it. 

Red Cap dielectrics are manufactured by Erie’s exclusive Monobloc Process °* 

_a modern, time-proven ceramic film technology. And tough environmental 
extremes routinely are endured by our own Jet-Seal, a hard, bright red polymeric 
protective coating. (The superior aesthetic appearance of Jet-Seal comes 
to you at no charge.) 

Erie Red Caps have it all. 21 temperature characteristics. 1pF to 10uF 
capacitance range. Ratings from 25 to 500 Vdc. You name the application... 
VV.cIAYZciE@ [0] @- I ai stem Ot-] ono] au dal=m(e)omm-ViM dalt-ml-mel0(-mcom <ig[-m-m co) €-] Miataalelel-1-mor-] or-1e]1110"7 
rumen Acolaam> coil UT-11;>mor=1 a: ani rom colanaleli-}dlelatcmcomelal(e|el-m el-[ol.¢-lellale mms tom e)amn 70101 m@1-10\, 


al =).4 0 LULA 0) Mel=1 4-1 00) [omor-] of- [01h Col e-Pre Le] an dal sit-T-)<) "an \'7-) Aen) O1 2101] AYA = I> M n 0 10 Mx OF] 01-9 


WAVE) <t @) OFM Mn iol al at siom Or-] 0m e)celeinlel¢-m>1 0,0) 0 mum 
or call our nearby factory representative. 
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ERIE TECHNOLOGICAL PRODUCTS, INC. 
Erie, Pennsylvania 16512 








Here's how you 
can run any 
gas-discharge 
readout from 
a battery! 





Standard E-700 Series units convert 
low DC line voltages of 5, 9, 12 or 15 
volts DC to nominal 200 volt DC level 
@ 15 MA to activate any multi- 
segment gas-discharge-type numerical 
readout. Available both in unregulated 
and regulated units. 


E-800 Series units convert the same 
voltages to nominal 250 volt DC level 
@ 30 MA to activate matrix-type dis- 
charge displays. 


You'll find lots of other applications 
for our DC to DC Power Supplies, as 
well. Here are just some of them: 

* Outputs to 2,000 V @ 1 MA for port- 
able oscilloscopes and photo-multiplier 
applications. 

* Low wattage fluorescent tube power 
supply for battery operation (4 watt to 
8 watt). 

¢ High frequency AC excitation for re- 
mote sensors and transducers. 

¢ Multiple DC and/or AC outputs from 
battery sources. 

* Highly isolated power supplies for 
electro-medical applications. 


For detailed information, write: 





Binghamton, N. Y. 
13905 
Phone 607-797-1263 
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Endicott Coil Co., Inc. 


‘21 Charlotte Street 


COMPUTER PRODUCTS 





INSTRUMENT PAIR RECORDS ALL 
DATA-LINE DISTURBANCES. With the 
impulse noise counter 4 H82 and the 
interruption analyzer 4 H81, data-line 
noise pulses and interruptions can now 
be evaluated with great accuracy. 
Featuring several threshold levels, coun- 
ter/registers, automatic recording and a 
digital readout, these units are useful for 
fundamental network studies as well as 
for maintenance. Siemens Corp., 186 
Wood Ave., South Iselin, NJ 08830. 
Phone(201)494-1000. 282 


MICROPROCESSOR SOFTWARE IS 
AVAILABLE AT LOW COST. A complete 
line of support software has been 
developed for the Intel family of jP’s 
(8080, 8008, 4004). This software is 
implemented in FORTRAN IV for most 
computers. The assemblers provide 
symbolic addressing and constant gener- 
ation. The simulators provide commands 
to set breakpoints; to display and patch 
memory locations; and to display, 
modify and simulate registers and I/O's. 
Assemblers—$500; simulators—$650. 
Microtec, Box 337, Sunnyvale, CA 94088. 

283 
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TAPE TRANSPORTS USE 50% LESS 
POWER. Models 85X and 70X operate at 
selected speeds up to 37.5 ips using 
8-1/2- or 7-in. reels. They are available in 


7 track (with a choice of 2 densities from 
200, 556 or 800 bpi) or in 9 track (in either 
800 bpi NRZI or 1600 bpi IBM phase 
encoded formats). Crystal-controlled 
speed, acceleration, write and read 
deskew, and switch-controlled speeds 
are the electronic features which provide 
high performance. $2700 and $2450, 
respectively. Cipher Data Products, 7655 
Convoy Ct., San Diego, CA 97111. 
Phone(714)277-8070. 284 





77-TRACK FLEXIBLE DISC IS CERTIFIED 
100% ERROR-FREE. The Quadronix 
flexible disc recording characteristics 
include 77 tracks, IBM (and similar disc 
drive) compatibility and a density of 3200 
bpi. It also features a capacity of 242, 944 
bytes (128 character records), 26 sectors 
of 128 characters/track and an expected 
life of 3500 hrs. or 1 million revolutions/ 
track. Wabash Tape Corp., Dept. GC-D, 
2720 Des Plaines Ave., Des Plaines, IL 
60018. Phone(312)298-8585. 285 





THIS CRT DISPLAY. This system serves 
as a data entry, super-intelligent terminal 
or as a stand-alone computer. With IBM 
3740 compatible floppy-disc drives and a 
1280 character display, it also features 
512 I/O ports, a memory expandable to 
64k bytes and an assembler. Using Intel’s 
8080 instruction set, the processor easily 
develops and tests microprocessor 
programs. The Isys Corp., 5404 Harvest 
Moon Lane, Columbia, MD 21044. 
Phone(301)497-0379. 286 
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Achance ~~ 


10 talk delivery... ¢ . 


A chance 
fo talk prices... 





and there's never been a betier time! 
ELECTRONIC PURCHASING SEMINARS FOR MEN WHO BUY 


@ CAPACITORS @ OPTOELECTRONICS @ RESISTORS 
@ CONNECTORS @ POTS & TRIMMERS @ SEMICONDUCTORS 
@IC’S @ RELAYS @ SWITCHES 


Electronic Purchasing seminars pack everything 
you need to know about the 1975 outlook for 
the components you buy into a single day. 


You'll spend the morning hearing industry 
representatives forecast availability, pricing, new 
product developments, and distribution activi- 
ties. 


Then, after lunch, a chance to sit in on round- 


tables for each component and talk delivery and 
pricing with leading suppliers and distributors. 


And you'll have an opportunity to continue 
those discussions with suppliers and distributors 


on into the evening hours in their own hospital- 


ity suites. 

NEW YORK. . OCTOBER 1 

CHICAGO - OCTOBER 3 

LOS ANGELES . . . - OCTOBER 8 

SAN FRANCISCO . . . .:. .OCTOBER 10 
| 

COST OF PARTICIPATION $50.00 


RESERVATION COUPON 


Dear Mr. Hoberman: 
| want to attend the Electronic Purchasing seminar 


checked below: 

C1 New York, Oct. 1 

LU) Chicago, Oct. 3 

CO Check for $50.00 enclosed 


Mr. Gerald L. Hoberman, Publisher 
Electronic Purchasing 
Cahners Publishing Co., Inc. 


221 Columbus Avenue Name 

Boston, Mass. 02116 Title 
Firm 
Address _. 
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CO) Los Angeles, Oct. 8 
(1 San Francisco, Oct. 10 


C1 Invoice my company at address below 
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Tel. No. 
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CIRCUITS 
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= LOW PoweR 


SYSTEM PROGRAMMER 


LOW-POWER SEQUENCER/CONTROL 
LER SIMPLIFIES DATA ACQUISITION. 
Model SCL-CM will control up to 16 
analog data channels. It reduces the 
external control functions to a simple 
ready/busy strobe technique, providing 
either random or sequential channel 
selection modes. It has provision for 
short cycle (<16 channel) and provides a 
frame sync at channel 1 for system 
expansion. Standby power drain is 120 
uW. $79, with delivery 4 wks. ARO. Datel 
Systems, Inc., 1020 Turnpike St., Canton, 
MA 02021. Phone(617)828-8000. 170 


THIN-FILM ATTENUATOR RESISTORS 
CONFIGURED AS BINARY STRING. The 
AD1807-series networks are designed for 
binary attenuation from R/2 to R/1024. 
With “R” values from 10k to 1 MQ, the 
networks feature TCR tracking to 1 
ppm/°C, noise to —50 dB, long term ratio 
stability to +0.005%/yr, ratio matching 
accuracies to 0.01% and resolutions to 
0.001R. 100-pc price as low as $6. Analog 
Devices, Inc., Rte. 1 Industrial Park, 
Norwood, MA _ 02062. Phone(617)329- 
4700. 171 
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TONE DETECTORS COVER WIDE FRE- 
QUENCY RANGE. Series 477 detectors 
are available over the range of 300 Hz to 
100 kHz. They will accept sine, square or 
triangular input signals. Frequency and 
bandwidth settings are virtually insensi- 


106 








tive to environmental conditions or 
supply variations. Solid-state switch 
output minimizes RF noise and improves 
response time. $99 (100). Solid State 
Electronics Corp., 15321 Rayen St., 
Sepulveda, CA 91343. Phone(213)894- 
2271. 172 


SAMPLE-HOLD CIRCUITS PACKAGED 
IN 16-PIN DIPS. The IH5110 and 1H5111 
are offered in MIL and commercial 
versions. Drift rate (all devices) is 10 
mV/sec max. and <2 mV/sec typ. Max. 
acquisition time for a 10V step input Is 10 
usec for the 1H5110, 15 psec for the 
1H5111. Both units have 500-nsec 


aperture time. Prices in 100 quantity for 
industrial versions are $21.50 (1H5110) 
and $22.50 (1H5111). MIL versions are 
$29.50 and $29.90, respectively. Intersil, 
Inc., 10900 N, Tantau Ave., Cupertino, 
173 


CA 95014. Phone(408)257-5450. 





DIGITAL WATCH KIT OFFERS MULTIPLE 
LED DISPLAY OPTIONS. The LWS-6120 
kits are all based on the LMC-6120 
CMOS timekeeping chip which counts 
hours, minutes and seconds. Also 
included are the LBC-1060 digit driver 
and the LBC-1070 segment driver. All 3 
circuits are provided in chip form for 
hybrid assembly methods. Eight display 
options are available. $32 (100). Litronix, 
Inc., 19000 Homestead Rd., Cupertino, 
CA 95014. Phone(408)257-7910. 174 


COATED SUBSTRATES FEATURE NI- 
CHROME RESISTIVE ELEMENTS. The 
AD 1900 series 2-film system consists of a 
nichrome resistive coating covered by a 
150-in gold conductive layer. Surface 
finishes of 3-4 or 5-10 win. are available. 
The substrates may be specified with 
resistivities from 50 to 5000/square, 
noise to —50 dB, power to 50W/in.” and 
long term stability to 0.005%/yr at 25°C. 
Analog Devices, Inc., Rte. 1 Industrial 
Park, Norwood, MA 02062. 
Phone(617)329-4700. 175 





HERMETICALLY-SEALED AMPLIFIERS 
IMPROVE RELIABILITY. The AD-300 
series covers the frequency range from 
5-500 MHz. The 10-dB gain feedback 
amplifiers are available in 3/8x1/2x1/8- 
in. case sizes. They have 1-dB output 
compression points of +16 dBm and 
max. NF of 3 dB (AD310). Input and 
output VSWR’s are 1.8:1 and 2:1, 
respectively. $79 to $88. Technical 
Research and Mfg. Inc., Grenier Field, 
RFD. 3, Manchester, NH 03103. 
Phone(603)668-0120. 176 


RESISTOR NETWORKS DESIGNED AS 
CUSTOM HYBRID SUBSTRATES. The 
substrates contain bonding pads for chip 
capacitors, IC dice and passive resistors. 
Metal-film interconnections provide 
high reliability. Film resistance values 
from 1k to 10 MQ) are standard, with 
tolerances as low as 0.01% at 25°C. TCR 
is typically +25 ppm/°C, with tracking of 
+5 ppm/°C. Power rating/resistor is 50 
mW. Allen-Bradley Co., 1201 S. Second 
St: Milwaukee, WI 53204. 
Phone(414)671-2000. 
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MULTIFUNCTION MODULES PERFORM 
OVER WIDE DYNAMIC RANGE. MF433- 
series function modules perform the 


operation Y(Z/X)™, with M variable from 


1/5 to 5. Over a 1000:1 dynamic range of 
input, output errors are 10 mV 
max. (MF435) in multiplication mode, 
and 50 mV typ. in division mode. Value of 
M is selected by external resistors, with 
no external gain or offset adjustments 
required. $75 to $145. Delivery 6 to 8 
wks. ARO. Intronics, Inc., 57 Chapel St., 
Newton, MA 02158. Phone(617)332-7350. 
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TECHNITROL 
Takes The 
Tough PT’S. 


When it comes to pulse transformers (PT’S), Technitrol’s experience leads the field. 
Technitrol was first with DIP transformer packaging and the H case. But, Technitrol is first where 
it really counts: getting the job—no matter how tough—done right. Here are two examples: 


Check these specs for a 
‘/ Tough high-inductance transformer: 
CMRR: 30 db @ 10 MHz 
Performance 








Borciwidiis GKC to 3 Mis [Ra 
Inductance: 20 mh min. aneuarl 


Here’s what one customer 
D Toug h wanted in a DIL-type case: 








4 pulse transformers echnitro 
Packa in 5 diodes discrete, relial 
8 resistors - components. 





Tou hr That’s Technitrol—whether your spec pushes the state-of- 
the-art or not. Next job, call Bill Chamberlin at (215) 426-9105. 


Competitor Or write for information. 





$1 





TECHNITROL, INC. 1952 E. Allegheny Avenue / Philadelphia, Pa. 19134. 
Specialists in pulse transformers and completely transfer molded, welded DIP delay lines, under %6” high—to 250 ns. 
Circle No. 67 
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POWER SWITCHES BOOST SWITCH- 
ING-REGULATOR EFFICIENCY. The 
PIC600 series of hybrid devices provide 
the power transistor and catch diode ina 
single TO-66 package. The devices 
operate at more than 80% efficiency. 
Careful matching of switching speeds of 
the 2 active devices minimizes turn-on 
overshoot. The series includes positive 
and negative versions for 5 and 15A 
applications, with either 60 or 80V max. 
input voltage. Unitrode Corp., 580 
Pleasant St., Watertown, MA 02172. 
Phone(617)926-0404. 179 


TRANSMIT/RECEIVE RELAY PROVIDES 
HIGH POWER CAPABILITY. The SLS-4TR 
has a freq. range to 32 MHz, with power 
capability of 10 kW average (100 kW pk) 
and a 2:1 load VSWR. In the transmit 
mode, the relay grounds the receiver 
port for max. receiver protection. An 
interlock system removes RF power from 
the relay before the RF circuit is open, 
and delays application of RF power until 
the path is established. Delta Electronics, 
Inc., 5534 Port Royal Rd., Springfield, VA 
22151. Phone(703)321-9845. 180 





WITH 0.01% ACCURACY. The ADC1105 
converter uses external counters and 


registers to allow resolution to 14 binary 
bits or 4 BCD digits. Specs include 2 
uV/°C zero stability and 5 ppm/°C gain 
TC. It accepts both bipolar and unipolar 
inputs of +10 and +1V F.S. range. The 


108 





ADC1105}J, accurate to 0.1% is $115(100); 
the ADC1105K, with 0.01% accuracy is 
$150(100). Analog Devices, Inc., Rte. 1 
Industrial Pk., Norwood, MA _ 02062. 
Phone(617)329-4700. 181 


CRYSTAL-CONTROLLED OSCILLATOR 
REQUIRES NO OVEN. Model CXO-115 
can be ordered for any frequency 
between 1 and 15 MHz. Rise and fall 
times are 75 nsec max. Frequency 
tolerance is +0.005%, with stability of 
+10 ppm/°C. Operating from 5V supply, 
the output is compatible with most TTL 
and DTL families. Standard temp. range 
is —25 to +75°C. $49 (100). Solid State 
Electronics Corp., 15321 Rayen St., 
Sepulveda, CA 91343. Phone(213)894- 
2971: 182 


TOUCH-TONE® RECEIVER OFFERS RE- 
LIABILITY AT LOW COST. The CM7208 
comes complete on a single circuit card, 
and draws only 20 mA. The receiver can 
be used in central offices, PBX’s or 
end-to-end signalling. It has ac-coupled 
balanced inputs of 50 kQ,, and operates 
from a 12 or 15V supply. Outputs of the 
CM7208 are directly compatible with 
TTL/CMOS logic. $140(1000). Mitel 
Corp., Box 704, Ogdensburg, NY 13669. 
Phone(613)836-2118. 183 


GAS-DISCHARGE DISPLAY VOLTAGES 
PRODUCED FROM LOGIC SUPPLIES. 
These hybrid IC converters, powered by 
standard logic supplies, produce output 
voltages from +180 to +270V dc. Model 





PS1510D operates from +5V dc and 
produces +200V dc at 1 mA. The 


PS1515D converts +5V into +180V dc at 
15 mA. PS1520D outputs 200 to 270V dc 
from input of 12 to 16V. Military and 
commercial versions are available. LRC, 
Inc., 1001 Digital Dr., Hudson, NH 03051. 
Phone(603)883-9351. 
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IF AMPLIFIERS DESIGNED FOR TELE- 
COMMUNICATION SYSTEMS. IFA- 
series amplifiers are designed for use in 
up-down converters. Center frequencies 
of 70, 700 and 1100 MHz are available. 
Features include 0.5-nsec group delay, 
0.1-dB bandpass flatness, 30-dB reverse 
isolation and return losses of 23 dB. NF 
ranges from 3.5 to 8 dB, with power 
outputs at 1-dB compression from +3 to 
+21 dBm. Microwave Power Devices, 
Inc., Adams Ct., Plainview, NY 11803. 
Phone(516)433-1400. 185 


AC/DC CONVERTER PACKS BIG POWER 
INTO SMALL PACKAGE. The Series 300 
module measures 2X3xX1-in., weighs 
13-1/2-0z. and operates over the entire 
military temp. range. The converter 
accepts 3-phase, 400 Hz input and 
develops single or dual unregulated 
outputs. Typical output ranges include 
20V at 5A, 40V at 2.5A and dual 20V at 
2.5A ea. $100. Delivery is 4 wks. ARO. 
Powercube Corp., 214 Calvary St., 
Waltham, MA 02154, Phone(617)891- 
1830. 186 


S-BAND FREQUENCY SYNTHESIZER 
PROVIDES HIGH STABILITY. Model 6550 
operates in the 2830-2990 MHz fre- 
quency range. It provides 10-MHz steps 
in 10 msec/step across the band with a 
min. of 100 mW power output. The 
frequency stability is better than 1 
part/million over 0 to 50°C. A 5- or 
10-MHz external reference can also be 


used. Zeta Laboratories, Inc., 616 
National Ave., Mt. View, CA 94043. 
Phone(415)961-9050. 187 
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VOLTAGE 


FREQUENCY 
CONVERTERS 









27 ULTRA LINEAR MODELS 
YOU CAN COUNT ON 
FOR EVERY APPLICATION 


.005% Linear to Below 1mV 
Useable to 10uV 

Stability to 5PPM/°C 

High CMRR Differential Input 
Programmable Voltage Range 
Current Input Option 

Low Power Consumption (26mW) 
Optically Isolated to 500V 

TTL and CMOS Compatible Output 
Transformer Isolated Output 
High Stability Internal Reference 
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External Reference >. 
0 to 1 KHz, 10KHz, 40KHz or 100KHz - VOLTAGE To FREQUENCY 
| CONVERTER 
— 









FOR 14 PAGES OF DATA AND APPLICATIONS INFORMATION 
CIRCLE THE NUMBER BELOW OR CONTACT 


6 Lowell Avenue, Winchester, Massachusetts 01890 Tel:(617) 729-7870 Cable:DYMECO TWX(710) 348-6596 
IN EUROPE DMC PRODUCTS ARE SOLD AND MANUFACTURED UNDER LICENSE BY 


CH-1211-GENEVE 8/SUISSE B.P. 13 
INDUSTRIES Tel.: (022) 21 51 33 ; INDUSTRIES F-74240-GAILLARD FRANCE 
Telex: 22831 LANAT-CH Tel.: (50) 38 53 35 
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LITERATURE 





IC’S. A 6-pg., 2-color brochure lists 
applications, performance features and 
maximum ratings of CMOS 4000 Series 
digital IC’s. These are intended for 3 to 
15V applications. It contains schematic 
logic diagrams, typical characteristics, 


package dimensions and detailed order- . 


ing information. Stewart-Warner Micro- 
circuits, 730 E. Evelyn Ave., Sunnyvale, 
CA 94086. 243 


POWER SUPPLIES. This 130-pg. catalog 
contains simplified schematic and me- 
chanical drawings of more than 30 power 
supply designs, encompassing many 
hundreds of separate models. In_ its 
Handbook section, there are discussions 
of ferroresonance, thermal design criter- 
ia, Measurement techniques, program- 
ming, digital control, high-speed dy- 
namics, operational theory and multi- 
unit interconnections. An up-to-date 
power supply glossary is also included. 
Kepco, Inc., 131-38 Sanford Ave., 
Flushing, NY 11352. 244 


IC DESIGN. MONOGRAM #5 contains a 
feature article on the design of op-amps 
with the Monochip. It describes a 
number of practical circuits. In addition, 
this 12-pg. quarterly illustrates 3 new 
products that employ passive com- 
ponents, transistors and the company’s 
Monochip. Interdesign, Inc., 1255 Ream- 
wood Ave., Sunnyvale, CA 94086. 245 


LINEAR AND INTERFACE CIRCUITS. This 
370-pg. application book stresses practi- 
cal applications. There is detailed 
coverage on operational amplifiers, 
comparators,video amplifiers and special 


functions. Also included are chapters. 


devoted to peripheral drivers, MOS 
interface circuits, core memory and line 
transmission circuits. $6.95. Texas Instru- 
ments, Inc., Box 3640, M/S 54, Dallas, TX 
Peant: INQUIRE DIRECT. 
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PHOTOTRANSISTORS/DARLINGTONS. 
The 8-pg. brochure describes the 2 basic 
chip sizes for either phototransistors or 
photodarlingtons along with various 
packaging configurations such as TO-18, 
pill, coaxial and ceramic header. In 
addition to mechanical data, Bulletin 
VTTA-I also includes electro-optical 
parameters, 24 graphs of characteristics 
and environmental information. Vactec, 
Inc., 2423 Northline Industrial Blvd., 
Maryland Heights, MO 63043. 246 


TWO KEYBOARDS. Product sheets on 
the first 2 low-profile units in the SD line 
of electronic keyboards are offered. 
Sheet 51SD12-1 describes a typewriter- 
style keyboard suited to word processing 
and phototypesetting applications. 
Sheet 26SD1-1 provides data on a 
point-of-sale keyboard designed for 
compact terminals. Micro Switch, 11 W. 
Spring St., Freeport, IL 61032. 247 





DELAY LINE CATALOG includes defini- 


tions and measurements of parameters, 
typical test set up, applications, cost 
factors, case styles and lead layout. 
Technitrol, Inc., 1952 E. Allegheny Ave., 
Philadelphia, PA 19134. 248 


NONLINEAR CIRCUITS HANDBOOK. Its 
540 pages provide a complete reference 
to the principles, circuitry, specs, testing 
and applications of nonlinear analog 
building blocks. Heavily applications 
oriented, it treats areas such as 
function-fitting, time-function genera- 
tion, instruments and data acquisition, 
signal processing, computing and con- 
trol. $5.95. Analog Devices, Inc., Rte. 1 
Industrial Park, Norwood, MA 02062. 
INQUIRE DIRECT. 


THYRISTORS AND RECTIFIERS. A tabu- 
lation of thyristors (SCR’s, ITR’s and 
triacs), diacs and rectifiers appears in this 
68-pg. pocket-size directory. These 


devices are classified according to 
voltage and current rating, gate charac- 
teristics and package styles. RCA Solid 
State Div., Box 3200, Somerville, NJ 
08876. 250 





CASSETTE MINIDRIVE. A digital cassette 


minidrive that emulates 1/2-in. tape 
transports at the interface connector is 
described in a 4-pg. brochure. Record- 
ing methods, storage capacity, track 
formats, physical characteristics, ad- 
vantages and compatability are listed. 
Request bulletin PCD-40102. Datum, 
Inc., 1363 S.State College Blvd., Anaheim, 
CA 92806. 251 


INSTRUMENTS CATALOG. This 32-pg. 
catalog provides complete information 
on digital printers, frequency counters, 
counter-timers, communications count- 
ers, calculating counters, voltage to 
frequency converters and frequency to 
dc converters. Anadex Instruments Inc., 
7833 Haskell Ave., Van Nuys, CA 91406. 
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CMOS PROGRAMMED TEXT. Structured 
as a self-teaching aid to familiarize 
design engineers with CMOS, the 80-pg. 
CPI-279 covers CMOS fundamentals, 
packaging and circuits. The reader learns 
through a series of progressive steps or 
‘frames.’ A glossary is included. $2. RCA 
Solid State Div., Box 3200, Somerville, 
NJ 08876. INQUIRE DIRECT. 


p»P LOGIC NOTEBOOK. This monthly 
newsletter discusses how to select, apply 
and program microprocessors and 
microcomputers. A full-color wall chart 
displaying the features of every known 
uP comes with the free first issue. 
Annual cost is $95. Microcomputer 
Technique, Inc., 11227 Handlebar -Rd., 
Reston, VA 22091. 253 
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A Very Practical Guide 
in Two Volumes 


Written on the art of manage- 


ment, ina wise and witty 
manner, by Ted Pollock, Ph.D. 


Volume 1, Managing Yourself Creatively 
Shows how to develop your full potential as a man- 
ager — delegating authority, decision making, prob- 
lem solving, dealing creatively with frustration, 
benefiting from criticism. 169 pp. 





Volume II, Managing Others Creatively 
¥ Discusses how to handle human relations effectively 
— the ticklish problem of hiring and firing, giving 
instruction, criticizing constructively, sizing people 
up, encouraging employee ideas. 154 pp. 


~~ "$58/M010809 
Cahners Books, A Div. of Cahners Publishing Co. 


89 Franklin Street, Boston, Massachusetts02110 


Please send me the following book(s). If not satisfied, I may | 

return the order within 15 days for full refund. 

1) Both Volumes in a Slip-Case Set at $12.95 each | 

O) Volume I at $7.50 each. 0 Volume II at $7.50 each | 
| 














C) Enclosed is my check for $_. ____(Publisher pays postage) 
Name 

A a Pome 

City/State/Zip. 

Signature 


- Massachusetts residents add 3% sales tax 


“SRpNeteneeteste rc) eee ene en on Coe 


r lamps lights 


You wouldn’t think something as 
rugged and reliable as our neon lamps 
would be sensitive about a name. But 
they have a point. Glowlite neons do 
more than illuminate functions in 
appliances, commercial and industrial 
equipment. They activate, too, as 
circuit components like transient 
suppressors, triggering devices, 
voltage regulators, oscillators and lots 
of other things. That’s because 
Glowlite has the design versatility and 
production capability to meet most any 
specification. So, whether you need a 
standard indicator or special 
component, ask for our low-cost, 
4ong-life neons. But, please, remember 
to say lamps and not I-i-g-h-t-s! 
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KULS VALLEY, OKLAHOMA 73075 
238-5541 e TWX 910-830-6590 
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LITERATURE 


Siicon Phoiotransistors 
Photodarlingions 
Siicom Photodiodes 


Bulletin 
PT-74 includes electrical and mechanical 
specs on general-purpose and ‘‘high- 


SILICON PHOTODEVICES. 


density’’ phototransistors, high- 
sensitivity photodarlingtons and photo- 
diodes. M 7, Inc., 210 Campus Dr., 
Arlington Heights, IL 60004. 254 


WORLD’S FASTEST MINI. A 12-pg. 
product bulletin on the high-speed, 
16-bit Model 85 minicomputer covers its 
features, specifications and instruction 
repertoire. 1/O modes, software support 
and the memory system are also 
detailed. Interdata, Inc., 2 Crescent PIl., 
Oceanport, NJ 07757. 255 


MASS-MEMORY SYSTEMS FOR MINIS. 
This 2-color condensed catalog contains 
descriptions and specs for mass-memory 
magnetic storage systems for minicom- 
puters. Covered are 12 magnetic disc 
drives, a cartridge disc drive, a new 
floppy disc drive and 2 magnetic tape 
systems. Controllers are included. Most 
systems discussed have standard in- 
terfaces for DEC, Interdata, Nova and 
DCC minicomputers. DIVA Inc., 607 
Industrial Way W., Eatontown, NJ 07724. 
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HEAT-SHRINKABLE PRODUCTS. A 
“mini’’ catalog describes and illustrates 
shrinkable tubing, end caps and electri- 
cal tape. Sizes, colors and shrinkage 
ratio charts are included where appli- 
cable. This scaled-down booklet was 
designed for the expedience of en- 
gineers and buyers. Cole-Flex Corp., 91 
Cabot St., West Babylon, NY 11704. 257 


SENSOR SWITCHES. Temperature sen- 
sors, proximity and ferrous sensors are 
detailed for the designing engineer in 
catalog A-90000. It illustrates and 
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explains, with diagrams and drawings, 
the functions of the switch line. 
Switching modes are discussed, provid- 
ing complete application data. Hamlin, 
Inc., Lake and Grove St., Lake Mills, WI 
53551. 258 


IC EQUIPMENT. This 68-pg. total 
product catalog, IC-1075, is a complete 
single-source package on the latest 
developments in IC connection methods 
and equipment. It features details and 
test data on IC _ sockets, complete 
socketboard systems and IC intercon- 
nect accessories. Robinson-Nugent, 
Inc., 800 E. Eighth St., Box 470, New 
Albany, IN 47150. 259 


‘ 


SERIAL DIGITAL TIME CODES, the most 
commonly used ones, are described in 
this monograph. It lists many time-code 
applications for both industrial and 
scientific programs. Chrono-Log Corp., 
2583 W. Chester Pike, Broomall, PA 
19008. 260 
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CRT DISPLAYS. Exact information on 
how to apply large-screen CRT displays 
is contained in Application Note 166. To 
help obtain maximum display useful- 
ness, the app note gives input require- 
ments, attenuator calculations, data on 
Z-axis modulation and details on options 
to satisfy special requirements. Hew- 
lett-Packard Co.,1501 Page Mill Rd., Palo 
Alto, CA 94304. 261 


INDUSTRIAL SLIDES. An illustrated 
28-pg. handbook explains the many 
factors related to the selection and use 
of industrial slides. This booklet illus- 
trates how, through the use of slides, it is 
possible to create more efficient and 
valuable products. Case histories on 


slide applications are included, as are 
specific slide descriptions, installation 
details and related materials. Grant 
Hardware Co., High St., West Nyack, NY 
10994. 262 


ANTENNAS. This 70-pg. brochure dis- 
cusses broadband antennas and various 
antenna designs. Topics covered are 
horn, spiral, log periodic, omni- 
directional and rotating direction- 
finding antennas. GTE Sylvania, Antenna 
Capabilities, Box 205, Mt. View, CA 
94042. 263 


21MX COMPUTER SERIES. A /76-pg. 
brochure-manual describes this family of 
minicomputers. It discusses the micro- 
programmable control processor, the 
RAM memory system, the writable 
control store option and other operating 
features. It also includes extensive 
programming instructions. Hewlett- 
Packard Co., 1501 Page Mill Rd., Palo 
Alto, CA 94304. 264 


METROLOGY CATALOG. Eighty pages 
cover precision measurement instru- 
ments for voltage, resistance and 
capacitance. Also included are digital 
and linear testers, generators and 
detectors, standards, decades, dividers 
and high-precision resistors. Production 
laser systems for resistor trimming and 
substrate scribing are touched on 
briefly. Electro Scientific Industries, Inc., 
13900 N.W. Science Park Dr., Portland, 
OR 97229. 265 


Gravity 
BERING 





ELECTROLYTIC TRANSDUCERS. A 4-pg., 
2-color bulletin covers operating princi- 
ples, applications and complete specify- 
ing data for gravity sensing electrolytic 
transducers. Diagrams show output 
sensitivity and response characteristics. 
The Fredericks Co., Huntingdon Valley, 
PA 19006. 266 
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Why did 53 companies buy over 
10 million stabistors from 
American Power Devices 

last year? 


Because we deliver. We shipped over 10 million of our ultra-stable, rugged stabistors 
and multi-pellet diodes in 1973. One company alone, bought over 3 million. 


CHARTS SHOW PROPERTIES 
OF DIELECTRIC MATERIALS 









But big numbers are only a part of the story. The crucial word is shipped. 
That's right, shipped. 


These days, anyone can list stabistors in a catalog or promise them. But, American 
Power Devices actually made the stabistors and delivered them — on time and 
to the right specs. 10 mitlion stabistors in miniature DO-35 packages. 
With reference voltages in the range of 0.56V to 5.00V. 


Two charts in full color show dielectric and 
other properties of hundreds of materials used 
by electrical/electronic engineers . . . arranged 
by dielectric constant and dissipation factor. 
Send for free copies. 


There’s more. American Power Devices offers more than 34 
stabistor types, including the popular GE-tyoe MPD200, 
MPD300, MPD400, and 1N4156 series. All double-plug, 
double-diffused silicon stabistors with controlled forward 
voltage characteristics. They’re right at home in applications 
that include: IC protection, logic coupling, signal limiting, 
meter protection, temperature sensing, log attenuation and 
transistor biasing. 


Call Bob Dimodana at (617) 475-4074 for a price, a firm 
delivery date or applications assistance. 


Circle No. 4 


NEW TECHNICAL DATA ON 
EPOXY CASTING RESINS 





4-layer diodes - stabistors - planar diodes - zener diodes 


im | american 
A (aX power devices, inc. Wecan deliver. 


7 Andover Street, Andover, Massachusetts 01810 - (617) 475-4074 





Circle No. 71 


STYCAST ® Casting Resins are described and 
properties tabulated in this new folder/wall 
chart. Includes all significent properties of 24 
high-performance resins plus notes on curing 


When you’re looking for reliability, 
performance and economy in BRIDGE RECTIFIERS 











agents, cure procedures and use. Valuable ce RAReEeUNEeNae 
reference. — = 
Circle No. 5 
® SILICON EPOXY 
ECCOMOLD CONTROLLED BRIDGE 
EPOXY MOLDING AVALANCHE RECTIFIERS 
INTEGRATED 
COMPOUNDS hag te 
RECTIFIERS 
TO-3 outline 
mounting flange a SA and GA 1A 
® 10A and 25A (lo), single phase =» 1A. 2A 6A and 10A (lo) 
full-wave bridges See 
m 15A & 36A (lo), 3¢ full-wave # Controlled avalanche series with 
bridges 250V, 450V, 650V and 850V 


= 100V, 200V, 400V, 600V (Vram) minimum avalanche voltages (Ver) 

a 200V, 450V,,G00V and 850V min = 50V, 100V, 200V, 400V, 600V and 
avalanche voltages (Vsr) permit 800V (Veen) ey : 
lower (Vrru) Safety factors in 





Comparative physical, electrical and pro- 
cessing properties of fEccomold transfer 
molding compounds are in colorful chart. 
Typical applications are indicated. 


Circle No. 6 


Emerson & Cuming, Inc. 


CANTON, MASS. 
GARDENA, CALIF. 
NORTHBROOK, ILL. 


Sales Offices 
in Principal Cities 


EMERSON & CUMING EUROPE N.V., Oevel, Belgii ” 


design considerations 

m Fast recovery series, 
200 nsec. (t,,) 

= Low junction-to-case thermal 
resistance (R@sc), 1°C/W or less 
allows operation at full rated 
load to 100°C, Tec 

# 2000V minimum circuit-to-case 
insulation 

= Three mounting options: 
Press-fit, Stud Mount, and 
TO-3 outline mounting flange. 

= 187” or 250” flag terminals 
available 


= Fast recovery time series, 200 nsec., 


(t--) available 


10A series has bonded ceramic-to- 
copper mounting pad for low 
Circuit-junction-to-heat sink thermal 
resistance 


Design us in; 
we'll stay there VARO 


VARO SEMICONDUCTOR, INC. 


P.O. BOX 676, 1000 N. SHILOH, GARLAND, TEX. 75040, 214/272-4551, TWX 910-860-5178 
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A Polish metronome 

Dear Sir: 

We were interested by Tim 
Henry’s interval timer (EDN 
Design Awards, 3/20/74 issue), 
but were having a little difficulty 
finding an application for it— 
until one of the group suggested 
what should have been obvious 
in the first place from the 
tone-generator and speaker out- 
put: It’s a Polish metronome! 

Henry’s selection of a pro- 
grammed unijunction instead of 
a McMOS package for the 
bistable element was a little 
surprising for a Motorola-type 
designer. Was this a subtle hint 
that the whole thing is a PUT-on? 

Henry may have been kidding, 
but he’s got the germ of an idea 
there with tremendous com- 
mercial possibilities. Envision, if 
you will, 52 of these devices with 
selected tone-generator com- 
ponents spanning four octaves: 
The World’s Greatest All-Polish 
Pizzicato Orchestra! (For the 
World’s Greatest All-Polish Ci- 
cada Orchestra, reverse the 
1N914’s.) 

As a practical device, an 
“ensemble” of a handful of 
generators should share a single 
speaker, with each ‘‘musician”’ 
consisting of three 10-state 
devices with independent tim- 
ing, a VCO tone generator (can 
be done with CMOS gates), and 
optional glissando (ramp) and 
tone-processing networks. The 
timers select tone-start, tone- 
stop and note (each musician 
has only 10 notes unless addi- 
tional flip-flops are added). The 
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tone-processing networks, to 
keep parts costs reasonable, are 
2-Pole filters, of course. 

Parts selection, layout and 
logic design for these ensembles 
are a designer’s delight. Parts 
with truly awful voltage and 
temperature coefficients, un- 
regulated voltage sources, 
crosstalk and logic conflicts all 
add to the wonderfully random- 
ized output. The drawback right 
now is that parts cost alone for a 
small ensemble to play through 
your home hi-fi runs something 
over $50, mostly eaten up by 
those decoded counters. If 
CMOS prices would come down 
a bit—say, to twice TIL—the 
“Polish Symphony” could be 
turned into a first-class fad, and 
do the industry a great favor by 
becoming a sink for all the 
intermittent, out-of-spec and 
noisy parts that otherwise would 
become sanitary landfill. 

If it catches on, Moog will be 
long-forgotten; ‘‘Tim Henry’’ 
will be the name on everyone’s 
lips. We could run him for 
President! Of Poland. 


Yours truly, 

Geoffrey A. Gass 

Custom Modifications Engineer 
Tektronix, Inc. | 
Beaverton, OR 97005 


He’s quite right— 
We stand corrected! 
Dear Sir: 
In your July 20 issue, your West 
Coast Editor reports on_ this 
year’s SID Symposium. Promi- 
nent among your figures is our 
thin-film transistor-addressed li- 
quid crystal display (Fig. 4). You 
describe this as a “large area 
display,’” which it is, by far the 
largest and highest resolution 
display ever constructed with 
liquid crystals. It also contains 
the world’s largest integrated 
circuit: 6 X 6 in., with 14,000 
transistors. 

Quite a significant achieve- 





ment, one might think; howev- 
er, we look in vain for any 
attribution to Westinghouse 
where this work was done. In 
the text (p. 18) you describe the 
same display as being ‘‘on the 
small 
placed 
description of some GE liquid 
crystal work, the reader is left to 
conclude (in the absence of any 
other information) that this 
display was also built by GE. 


side.’ The item being 
immediately after a 


Yours very truly, 

T. P. Brody, Manager 

Thin Film Devices 

Solid State Research 
Westinghouse Electric Corp. 
Pittsburgh, PA 15235 


Bargain prices 


Obviously our readers know a 


bargain when they see one— 
which is by way of introducing a 


recent error that slipped in on 
page 114 of the Aug. 20 issue 
(R.S. # 241). Somehow the ‘1’ in 
$21.30 got dropped, causing an 
erroneous $2.30 to appear as the 
cost of new liquid crystal 
readouts from Industrial Elec- 
tronic Engineers, Inc. The pro- 
duct has been rerun in this 
issue’s ‘Components and Ma- 
terials’’ product section with 
correct specs and price.—Ed. 
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DRIVERS 


I. The 75451 series of 
dual peripheral drivers has a > 
breakdown voltage of: 

__] 7-1/8 inches 
LJ 30 volts 
L] 18 pounds 
2. The National Semicon- 
ductor DS 3611 series of dual 


peripheral drivers, which is pin- 


for-pin compatible with the 
79401 series, has a breakdown 
voltage of: 

[_] 7-1/8 inches 

[_] up to 80 volts 

[_] up to no good 


3. The DS 3611 is better for: 


_] cleaning your teeth 
driving lamps, relays 
and solenoids 

L] making pepperoni 
pizzas 








NATIONAL 





4. To use the 75451 is therefore: 

[_] smart 

I silly 

LJ silly if you operate near 
or over 30 volts 

L_] delicious if baked in a 
300° oven for 45 minutes 

5. To get the DS 3611: 

[_] rub your stomach in a 
counterclockwise rotation 
as you pat your head 
hold your breath 

J call wea 5 National 
Distribu 

6. Can you = ‘he ele 3611 
in this \ Case 


DO 


ee 











ee 


Inquire Direct 
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ow do you direct 2,000 low 
sducer lines into a back-up 


computer without changing 200 cables? 
Easy. T-Bar® 48-pole latching relays. 
T-Bar makes high density switches and 
relays .. . designs and fabricates special 
switching systems . . . reliably and 
economically. If you switch a lot of lines — 
all at once or a few at a time — write or 
phone today for complete T-Bar literature. 
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141 Danbury Road 
Wilton, CT 06897 
Phone: 203/762-8351 


Oo eae 


Circle No. 73 





Domestic Sales Offices 


Hugh R. Roome | 
Vice President and Group Publisher 
221 Columbus Ave. 


Boston, Mass 02116 
(617) 536-7780 


Terry McDermott 
Marketing Manager 
221 Columbus Ave. 
Boston, Mass 02116 
(617) 536-7780 


NEW YORK CITY 10017 
Bill Segallis, District Manager 
205 E. 42nd St. 

(212) 689-3250 


BOSTON 02116 

Richard Parker, District Manager 
Hal Short, District Manager 

221 Columbus Ave. 

(617) 536-7780 


PHILADELPHIA 19103 

Steve Farkas, District Manager 
Penn Towers 

1819 John F. Kennedy Blvd. 
(215) 569-2424 


CHICAGO 

Frank Vitek, District Manager 
Frank Sibley, District Manager 
15 Spinning Wheel Rd. 
Hinsdale, Ill. 60521 

(312) 654-2390 


CLEVELAND 44115 

Frank Hund, District Manager 
1621 Euclid Avenue 

(216) 696-1800 


DENVER 80206 

John Huff, Regional Manager 
270 St. Paul St. 

(303) 388-4511 


SAN FRANCISCO 94103 

Pat Wiesner, Northwestern Manager 
Pruneyard Towers 

1901 So. Bascom 

Campbell, California 95008 

(408) 377-6777 


LOS ANGELES 90036 

Ed Schrader, Regional Manager 
5670 Wilshire Blvd. 

(213) 933-9525 


TOKYO 106 JAPAN 
Hiroshi Iwai, President 
Media House Ltd. 


| R 212 Azabu Heights 


1-5-10 Roppongi, Minato-Ku. 
(O03) 585-9571 Telex: J28208 


Get Fast Results with... 


EDN 


CLASSIFIED AND 
RECRUITMENT 
ADVERTISING 


Take advantage of our 82,000 U.S. cir- 
culation to Electronic Engineers and En- 
gineering Managers for your classified 
and recruitment needs! EDN will also 


handle your blind ads by assigning a 
box number and then forwarding the 
response directly to you. Submit your 
copy one week prior to our closing date 
for straight copy. 





Available—DTL 


Major Corporation has the following 
excess inventory of Fairchild Inte- 
grated Circuits available for immediate 
sale: 


Cat. #U31994659X 3,458 pes. 
Cat. #SL5032 38,380 pes. 
Cat. #SL5031 813 pes. 
Cat. #SL5033 3,786 pes. 
Cat. #SL5144 3,368 pcs. 


Call R.A. Slavonia, (412) 256-6030 


Major Corporation has the following 
excess inventory of a Motorola Tran- 
sistor available for immediate sale. 
SN 6042 ‘‘Burned in’ 3,400 pcs. 

Call R.A. Slavonia (412) 256-6030 





The President's Committee 
on Employment of the Handicapped 
Washington, D.C. 20210 
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Compare this 
new HEATH 
FUNCTION 
CENLRATOR 
with the 


COMPCELLOM ce 





[ if you can find any. J 


OUR NEW SG-1271 OFFERS: 


® Sine, square & triangle waveforms 
@ 0.1 Hz to 1 MHz range 


@® 10 volt peak-to-peak output 
into 50 ohms 


@ Up to 70 dB attenuation 
@ Low price of only $140* 


It’s not easy to compare the Heath/Schlumberger SG- 
1271 Function Generator with the competition — because 
there just isn’t any. No other function generator com- 
bines wide frequency range, compact size and easy-to- 
operate controls in such a low-cost instrument. It offers 
0 to 50 dB attenuation in 10 dB steps with up to 20 dB 
additional variable attenuation for each step, for a total 
of 70 dB...triangle waveform linearity of 5% max., with 
waveform symmetry within 10%...square wave rise & fall 
times of 100 ns max...3% max. sine wave harmonic dis- 
tortion from 5 Hz to 100 kHz...switch-selected 120 or 240 
VAC operation...adjustable handle for easy carrying and 
positioning. Just $140*, factory assembled and cali- 
brated. Shipping wt., 7 Ibs. 

The latest Heath/Schlumberger catalog contains a com- 
plete description and specifications. Call, write or send 
the coupon for your copy...today. 


Heath/Schlumberger Instruments 
Dept. 531-236 

Benton Harbor, Michigan 49022 
Phone 616/983-3961 


(] Please send the latest Heath/Schlumberger catalog. 


[1] Enclosed is $____________, plus ship ping. 
Please send an SG-1271 immediately. 
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Prices & specifications subject to change without notice. 
*Mail order price; F.O.B. factory EK-430 
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The Ready Reeds are ready for you! Over 290 high quality 
types of reed relays are in stock for immediate delivery. A 
wide variety of hermetically sealed contact combinations 
and packaging techniques are available. Versions offered 
include; dry, mercury-wetted, sensitive, latching, power, 
high voltage, time delay, electro-statically shielded, and 
dual-inline-package DIP’s. 


Magnecraft’s reed relays can provide almost everything that 
a designer would want in order to accomplish a high 
speed switching function. The versatility of the relay is so 
great that it can be custom-fitted to almost any application 
at a lower cost in dollars and power and in a smaller space 
than almost any other device, conventional or solid state. 


The photo above portrays the reed relay packaging charac- 
teristics available: epoxy encapsulated, axial leads, plug-in, 
eight and fourteen pin dual-inline-package, open. styles, 
and standard, miniature, and micro miniature printed 
circuit packages. 


Our nationwide network of distributors and Chicago 
plant stand ready to serve your applications. But, if you 
don’t find what you need in stock we will make if for you! 


Wea 


MEL tee 
ve +68 





To help specify all your relay needs, ask for Magnecraft’s 
new 1974 Stock Catalog with the most diversified line of 
over 1060 relays. A 68 page Designers Handbook and 
Catalog of Reed and Mercury Wetted Contact Relays with 
specific data drawings, and photos on all the various relays 
will accompany the Stock Catalog. 


Find Magnecraft Relays in EEM sec. 4500. 


ELECTRIC COMPANY 


5575 NORTH LYNCH AVENUE ¢ CHICAGO. ILLINOIS 60630 ¢ 312 ¢ 282-5500 «© TWX-910-221 5221 
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INis is just one good reason 
why we’re your brand 


etandard hianware 
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For better than half-a-century we've 
been the air-moving market's 
leading manufacturer of impellers 
and customized units. But now, 
we've developed the widest range 
of complete, assembled standard 
blowers to be found anywhere. 


Our TA450 shown here will give 

you a good idea of how standard 

Our standard line is. It is directly 

interchangeable with similar models 
..on the market. Ours just happens to 

vork better than most. Higher 

“performance. Less noise. And it is 
totally Torin-made. 


Our unequalled production facilities, 
spread across the U.S., Western 
Europe, and Australia, take the 
strain out of fast deliveries. 


Our TA450 comes in four 
Capacities, each in 4.5-inch size, 
with cast metal housing, rush the 
coupon to us for immediate 
sampling. Or if you prefer complete 
spec data in advance, buzz or write 
us for that. We’ll also send material 
on the whole line. 


” - 
Neen ee ae Sen es ae Ger a a a 
Torin Corporation I need, fast, samples of the following TA450 blowers $15.00 each. 
: 50/60Hz. Single Phase, Two Pole 
Me ee or / Check selection 
°. ing T & Quantit 

Kennedy Drive | Model No. Voltage Bearing Type ntity 
Torrington, Connecticut 06790 A30122 115 Ball 
(203) 482-4422 A30108 115 Sleeve 

A30135 230 Ball 
West Coast plant: Slacua 
Ms. Betty Lewis Bel oa 
16300 Roscoe Blvd. 
Van Nuys, California 91401 
(213) 892-0741 

Name Company 
Canadian plant: | 
Ms. Mary Telford 
201 Speers Road Address City State Zip 
Oakville, Ontario . 
(416) 845-2836 Please enclose check and/or P.O. #. 
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